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Clinical Studtes 
Thrombotic Thrombocytopenic Purpura 
BENJAMIN R. GENDEL, JOSEPH M. YOUNG AND ALFRED P. Kraus 
These two cases and the accompanying discussion relate to an intriguing disorder which still 
presents many problems in classification, etiology and management. As is brought out, although 
a discrete entity, the relationship to allergic vascular reactions and to certain aspects of dissemi- 
nated lupus erythematosus remains obscure. 


Hemostatic Defect in Thrombocytopenia as Studied by the Use of ACTH and Corti- 
sone. . WiLiiaM W. FAtoon, RicHARD W. GREENE AND EUGENE L. LOZNER 
Decreased platelets and abnormal vascular fragility characterize the purpuras due both to primary 
and secondary thrombocytopenia. The present study attempts to make use of the effects of ACTH 
and cortisone to distinguish the factors responsible for these abnormalities. Interesting results were 
obtained, suggesting that abnormal platelet production and vascular resistance are due to distinct 
hormonal agents. 


Effect of Corticotropin (ACTH) and Cortisone on Idiopathic Thrombocytopenic 
Purpura . . J. WiLson AND GusTAVE EIsEMANN 
and theoretic interest. In this series five of twelve patients showed at least temporary response to 
these agents. 


Hypercoagulability of the Blood of Patients with Hepatic Cirrhosis Following Ad- 
ministration of ACTH 

WiLu1AM J. E1IsENMENGER, ROBERT J. SLATER AND ALFRED M. BONGIOVANNI 

That ACTH administration may cause hypercoagulability of the blood is confirmed in this study, 

- in which this phenomenon was found to occur even in cirrhotics with deficiencies in plasma pro- 

thrombin, fibrinogen and platelets. It is not known what agency is responsible, nor did this pains- 

taking investigation throw any light on the coagulation mechanism affected. Of practical concern 
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is the development of thromboembolism; in three patients in this series portal thrombosis de- 
veloped while the patients were receiving ACTH. 


Chronic Hypoplastic Neutropenia . THEODORE H. SpaET AND WILLIAM DAMESHEK 
The authors have collected four cases of severe neutropenia of many years’ duration, associated 
with marked hypoplasia of granulocytic precursors as the only abnormality in the bone marrow. 
These patients exhibited slight to moderate splenic enlargement but did not respond to splenec- 
tomy, thus excluding primary splenic neutropenia. It is suggested that these cases represent a more 
or less distinct syndrome for which the term “primary hypoplastic neutropenia’”’ is suggested. 


Mediterranean Hemopathic Syndromes (Cooley’s Anemia) in Adults. Study of a 
Family with Unusual Complications 
Haroitp W. Marcu, SAMUEL M. SCHLYEN AND SAMUEL E. SCHWARTZ 
An interesting report of Cooley’s anemia in three siblings in the fourth and fifth decades, all show- 
ing advanced disease manifestations of one kind or another, including hepatosplenomegaly, blood 
and bone changes. All had hyperuricemia; one had overt acute gout. 


Review 
Circulating Blood Eosinophils in Acute Infectious Disease and Eosinopenic Response 
H. A. WEINER AND DimiTRY MORKOVIN 
Resurgent interest in the eosinophil and eosinopenia makes this review timely. The authors point 
out that the eosinopenia quite regularly occurring in severe and acute infections probably is related 
to the alarm reaction as defined by Selye. They draw some provocative conclusions on this basis. 


Seminars on Gastrointestinal Physiology 


A Physiologic and Clinical Consideration of the Pressures Developed in the Digestive 
. «J. P. QuIGLEY AND A. Bropy 
the recent improvements in technics for registering intraluminal pressures in the several sectors of 
the gastrointestinal tract. Normal values are given, also pressure levels after vagotomy and in pa- 
tients with peptic ulcer and gastritis. 
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DOSAGE: millionths of a gram 
RESPONSE: millions of red blood cells 


RUBRAMIN 
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Rubramin supplies vitamin B,,, the most potent anti- 
anemia substance known, in potencies to meet every need: 


15 MICROGRAMS PER CC.................:0:cccee: 1 cc. ampuls 
1 cc. ampuls 

30 MICROGRAMS PER CC................ccccecseneeeeeeees 5 cc. vials 
10 cc. vials 

50 MICROGRAMS PER CC...................:ccccecceeee 10 cc. vials 


Rubramin is aqueous, protein and pyrogen free, practi- 
cally painless on injection, safe even for patients allergic 
to parenteral liver, rigidly standardized in vitamin B,, 


Also eveilable: Solution Rubramin Crystalline (Squibb Crystalline Vitamin By 
Solution) in 1 cc. ampuls, 15 micrograms of crystalline vitamin B,, per ampul, 
and 10 cc. vials, 30 micrograms of crystalline vitamin B,, per cc. 


SQUIBB 


*RUGRAMIN’ (REG. U. 8. PAT. OFF.) 1S A TRADEMARK OF SQUIBS & SONS 
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Clinico-pathologic Conference 

Clinico-pathologic Conference (Washington University School of Medicine)—This conference 
deals with a problem in differential diagnosis under circumstances not uncommon which all the 
modern methods of clinical and laboratory examination failed to clarify. Yet autopsy provided a 
simple and satisfactory explanation. The whole presentation deserves careful study. 


Research Society Abstracts 


The Western Society for Clinical Research—Abstracts of Papers Presented at the 
Fifth Annual Meeting, Carmel, California, January 25 and 26, 1952 


American Federation for Clinical Research—Abstracts of Papers Presented at the 
Southern Sectional Meeting Held in Atlanta, Georgia, January 18, 1952. 


Case Report 


Hemorrhagic State during Pregnancy. With the Presence of Maternal Rh Anti- 
bodies, Death of the Fetus and Hypofibrinogenemia 
Oscar D. Ratnorr, Cart F. LausTER, JOHN G. SHOLL AND Myron O. SCHILLING 
The case described by the authors presented an interesting problem in hemorrhaging tendency 
which turned out to be related to hypofibrinogenemia, the cause of which could not be ascer- 
tained definitely. The hemorrhagic state was corrected by subtotal hysterectomy, one of the 
puzzling features of the case. 
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POTENT PROTECTION 


>>> against the combined threats of 
arteriosclerosis and capillary fragility 


TRADEMARK 


VASCUTUM® makes possible a dual attack, both 
prophylactic and therapeutic, in the two-front 
bottle against hypercholesterolemia and capil- 
lary fragility, combining in one medication: 


1 Potent amounts of lipotropic agents, to 
promote decholesterolization in atheroscle- 
rosis, liver cirrhosis and diabetes mellitus. 


2 Therapeutic amounts of rutin and ascorbic 
acid, to combat related capillary weakness 
effectively. Damaging retinal hemorrhage often 
results from excessive capillary fragility and 
associated abnormal cholesterol deposits. 


@ Schenley leboretories, Inc 


The average daily dose (6 tablets) provides: 
| Choline 1 Gm. | Pyridoxine HC! 4 mg. | 
| inositol 1 Rutin 150 mg. | 
| di-Methionine 500mg. | Ascorbic Acid 75 mg.| 
VASCUTUM marks a distinct advance in the 


management of interrelated degenerative dis- 
eases affecting the middle-aged and elderly. 


SUPPLIED in bottles containing 100 tablets. 


SCHENLEY LABORATORIES, INC. 
350 FIFTH AVENUE »« NEW YORK 1 


*The word VASCUTUM Is trademort of Schenley loboretories. lac 
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is now possible 


FOR LARGE DOSAGE 
OF ASPIRIN... 


THE FIRST CLINICALLY PROVEN 
ENTERIC-COATED ASPIRIN 


ERIC 


| ASTERIC ame (5 gr. enteric-coated Aspirin) Allows Greater Dosages— 
40, 50, 60, 70 or more grains daily as required where 
gastric distress and other irritating symptoms resulting from 
high dosages of plain aspirin tablets are contraindicated. 

Brewer, is indicated in the treatment of certain rheumatic disorders 
requiring maximal dosage of aspirin over long periods. — 
“Enteric-coated aspirin (ASTERIC) has an analgesic effect 
equal to that of regular aspirin and the onset of its action 
is only slightly delayed.” Clinically it was shown that equal 


blood levels were obtained.* 

those patients suffering from hemorrhagic gastritis resulting 
from the irritating effects of plain aspirin and for cases of 
peptic ulcer which require acetylsalicylic acid therapy. 


enteric-coated morbleized tablets) supplied in bottles 
of 100 and 1000. 


For Samples—Just Send Your Rx Blank Marked 13AS7 


*Tolkov, R. H., Ropes, M. W., and Bauer, W.: The Value of 
Enteric Coated Aspirin. N.E.J. Med. 242,19 (Jan. 5) 1950. 


BREWER & COMPANY, IN 
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A REDUCTION IN PRICE 
OF 


MY-B-DEN 


(adenosine-5-monophosphate) 


UP TO 33% 


Expanded production to meet increasing clinical use of this 
previously rare biochemical now permits up to 33% reduc- 
tion in the cost of adenylic acid therapy with My-B-DEN. 


outstanding response in varicose vein complications 


In chronic varicose ulcers and complications— stasis dermatitis, edema, pruritus and pain—systemic ther- 
apy with My-B-DEN produces outstanding results. Used with conventional nonsurgical methods, MY-B-DEN 
enhances their efficacy and speeds response to treatment. When phlebectomy is indicated, MY-B-DEN, given 
preoperatively, avoids undue surgical delay by improving the conditions (ulcer, dermatitis and pruritus) 
which often necessitate postponement. 


excellent results in bursitis and pruritus 


In bursitis, the beneficial and dependable results reported suggest that MY-B-DEN therapy be used rou- 
tinely. In the treatment of pruritus associated with jaundice, MY-B-DEN produces a specific therapeutic 
response. Complete or marked relief of symptoms is obtained in many types of pruritus. 


muscle adenylic acid 


Within the past few years clinical and biochemical studies have disclosed the therapeutic potential of 
MY-B-DEN in metabolic derangements. The various papers referring to adenylic acid, muscle adenylic acid 
and adenosine-5-monophosphate (AMP) are all based on Bischoff’s My-B-DEN as a nontoxic source of 
ATP in the body. 


Literature and Reprints upon Request 


ERNST BISCHOFF COMPANY, INC IVORYTON, CONN. Bischof 
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VERILOID 


BRAND OF ALKAVERVIR 


Out of the vast clinical experience that has accumulated from the 
increasing use of Veriloid has come a simplified dosage schedule 
hic] rapidl j lief fi the list e li fort of 
hypertension. Within a short period, patients volunteer that they 
“feel better,” even before the blood pressure begins to drop. 


Here is the new daily dosage schedule which proves satisfactory 
for initial therapy in 9 patients out of 10: 


Ist Dose: After breakfast. ....cccccccccccccccccecs 2 mg. 
2nd Dose: 6 to 8 hours later. ......ccccccccceccccces 2 mg. 
3rd Dose: 6 to 8 hours thereafter. .....ccccccccccece 2 to 3 mg. 


According to this plan, the second dose is taken about two hours 
after the noon meal, the third dose about two hours after the 


evening meal. 

This schedule simplifies dosage calculation, is quickly productive 
of clinical results, minimizes nausea and other side actions. Dosage 
should be increased by 1 mg. per day every third day until a satis- 
factory blood pressure drop is achieved. The evening dose is 
usually 1 or 2 mg. larger than the other two doses of the day. For 
the average patient, a daily dose of 9 to 15 mg. proves effective 
and rarely causes side actions. 


Veriloid, brand of alkavervir, is a unique alkaloidal fraction of 
Veratrum viride. It is indicated in the treatment of all grades of 
essential hypertension and in hypertension of renal origin. Avail- 
able on prescription at all pharmacies, in 1, 2, and 3 mg. tablets. 


RIKER LABORATORIES, INC. 


8480 Beverly Boulevard Los Angeles 48, California 
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ORAL diuretics are SIMPLER . 
ORAL diuretics can be given with GREATER REGULARITY __ edema 

ORAL diuretics are MORE CONVENIENT for patient and physician 


Among oral diuretics THE TREND IS TO— 


the simplest method of outpatient maintenance 
EFFECTIVE AND WELL TOLERATED 


To secure the greatest efficacy and all the advantages of 
Tablets MERCUHYDRIN with Ascorbic Acid, a three-week initial 
supply should be prescribed ...25 to 50 tablets. 


Dosage: One or two tablets daily—morning or evening—preferably after meals. 


Available: Bottles of 100 tablets. Each tablet contains meralluride 60 mg. 
and ascorbic acid 100 mg. 


cadership tn diuretic vesearch 


LABORATORIES, INC., MILWAUKEE 1, WISCONSIN 
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TYROTRACE® Ointment is effective in an excep- 
tionally wide range of skin infections. Further- 
more, topical use of these two antibiotics for 
local infections eliminates the possibility of 
sensitizing patients to the antibiotics usually 
given orally or parenterally (penicillin, strep- 
tomycin, etc.). 


WELL TOLERATED 

TYROTRACE Ointment is well tolerated—no sensi- 
tivity or other toxic reactions have been reported 
following its use. 


INDICATIONS 

TYROTRACE Ointment is indicated in the treatment 
of pyogenic dermatoses and those skin infections 
caused or complicated by susceptible organisms— 
especially gram-positive bacteria: Impetigo, Infected 
wounds, Ecthyma, Ulcers, Folliculitis barbae, 


Because it contains both bacitracin and tyrothricin, 


Infected dermatitis factitia, Secondary infections 
that complicate eczema and scabies. 


PHYSICAL PROTECTION 
TYROTRACE Ointment also acts as a water-resistant, 
occlusive dressing—permits use of covering band- 


age—helps to keep bandage from adhering to 
wound, thus avoiding injury to granulating tissue 


when dressings are changed. 


ADMINISTRATION 

TYROTRACE Ointment may be applied liberally to 
the infected area, after careful cleansing and, where 
necessary, debridement. One application daily is 
usually sufficient. 


PACKAGING 

TYROTRACE Ointment is supplied in 14-ounce col- 
lapsible tubes. 

Sharp & Dohme, Philadelphia 1, Pa. 
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TyroTRACE®—the dual 
antibiotic ointment—is 
designed to provide 
more prompt clinical 
response in pyogenic 
infections of the skin. 


1000x more effective 


In vitro studies have demon- 
strated that bacitracin and ty- 
rothricin together, even in the 
presence of serum, reduced 
Staphylococcus aureus counts 
to less than one-thousandth 


€ 
‘ 
of the counts observed with 
either antibiotic alo 
ic aione. 
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The name Schering has come to stand for pioneering 
research and leadership in steroid hormone chemistry. 
Now Schering adds this new important product to its 


steroid line— available in ample amount to meet all 


your cortisone needs. 


Available as 25 mg. tablets, bottles of 30. For complete information 
write to our Medical Service Department. 


° 
CORPORATION-BLOOMFIELD,N.J. 
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Study’, after study” after study’ 
corroborates the “‘notable’’ success of 
Desitin Ointment in easing pain and 
stimulating smooth tissue repair in lacerated, 
denuded, chafed, irritated, ulcerated 
tissues — often in stubborn conditions 
where other therapy fails. 


Protective, soothing, healing, 
Desitin Ointment is a non-irritating, 
blend of high grade, crude 
Norwegian cod liver oil (with its 
unsaturated fatty acids and high 
potency vitamins A and D in proper 
ratio for maximum efficacy), zinc 
oxide, talcum, petrolatum, and 
lanolin. Does not liquefy at body temperature and is not 
decomposed or washed away by secretions, exudate, urine 
or excrements. Dressings easily applied and painlessly 
removed. Tubes of 1 0z., 2 0z., 4 0z., and 1 Ib. jars. 


write for Samples and literature 


DESITIN CHEMICAL COMPANY 


70 Ship Street, Providence 2, R. |. 
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Histological examination® of bone structure in 
1300 infant post mortems revealed that scurvy 
occurred more than 10 times as frequently as | 

is usually shown by clinical diagnosis. The most 


half of the children with scurvy had never 

received supplemental vitamin C. How easy 

to prevent, when Florida citrus is so rich in 

vitamin C content — so convenient, so 
economical, and so pleasant to take! 
Bull. Johns Hopkins Hosp. 87:569, 1950. 
FLORIDA CITRUS COMMISSION - LAKELAND, FLORIDA 
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A statement from The Upjohn Company 


\ , ye are now producing cortisone from abundantly 
available materials, such as yeast, Mexican yam 
and soybeans. 


Years of work in the adrenal cortex field by our 
research people led to this discovery. The simple 
methods they have developed will also enable 
us to make other cortical steroids from these 
same materials. 


This new process should permit lower prices 
as our production increases. 


Upjohn Cortisone Acetate Tablets, 25 mg., are 
available in bottles of 20 tablets. 


AVERAGE PENICILLIN BLOOD LEVELS — 


The above graph compares penicillin blood levels with Injection BICILLIN 600 and pro- 
caine penicillin, aqueous suspension. (20 adults) Note the substantial prolonged penicillin 
blood level concentrations produced with Injection BICILLIN 600 


Announcing .. . 
A new and truly long-acting penicillin compound 


BICILLIN* 


N,N’-dibenzylethylenediamine dipenicillin G 
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Effective parenteral penicillin prophylaxis 
and therapy with: 
@ slow absorption 
@ fewer injections 
@ less trauma 
@ lower cost 
Produces remarkably extended blood levels: 1 injection 


600,000 units in Tubex provides demonstrable penicillin 
levels in children for 14 days or more. 

Ideal for use in rheumatic fever prophylaxis—particularly 
important in services which treat large numbers of patients. 
Adequate single injection therapy—whenever penicillin pro- 
tection is desired—is now available with Injection Bicillin. 
Stable—for at least 18 months if stored at 59° F. tempera- 
ture. 


Supplied—Injection Bicillin 600 (600,000 units per Tubex®). 
*Trademark 


Myeth Incorporated, Philadelphia 2, Pa. 
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“PROTAMIDE IS A 
VALUABLE REMEDY 
IN THE TREATMENT 
OF HERPES ZOSTER.” 


HERPES ZOSTER 


@ The evidence in this thorough study, again indicates that Protamide 
has resolved the difficult therapeutic problem of herpes zoster. 

Fifty patients in this series were treated solely with Protamide for 
herpes zoster. 


‘*Results were excellent or satisfactory in 78 percent ... Improvement 
in the patients showing favorable response was almost immediate.”’* 


‘‘No patient who made an excellent or satisfactory recovery after 
Protamide suffered from post-herpetic neuralgia.”’* 
These quotations from this objective study add to the evidence that 
Protamide is unsurpassed in the treatment of herpes zoster. 
*Herpes Zoster: Its treatment with Protamide. 


Frank C. Combes, M. D., and Orlando 
Canizares, M. D., New York State Journal of 


| ann Medicine (March) 1952. 
A card or your prescription blank marked ‘‘Prota- 
i mide” will bring both literature and reprints. 
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ROUTINE THERAPY FOR INTERNAL HEMORRHOIDS 


For the vast majority of cases of internal 
hemorrhoids requiring conservative 
treatment, the employment of RECTAL 
MEDICONE appears clearly indicated. 
The enormous prescription demand 


which this product enjoys, furnishes 
definite evidence of its value in this 
condition—particularly so when prompt 
symptomatic relief is vital for the com- 
fort and well-being of the patient. 


RR ECTA L DICON E. 


MEDICONE COMPANY: 225 VARICK STREET* NEW YORK 14, N.Y. 
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Only Two 
Dicalet tablets 


f 


t.r.d.s ubply: 0 
0 


OF THE RDAf 


for pregnancy 
and lactation 


PLUS By, Folic Acid, 
Pyridoxine and 7 Trace Minerals 


Vitamin 3 mg. 
Nicotinamide........ 15 mg. 1 


Folic Add....-...... 1.2 mg. 


BALANCED-FORMULA 


Dicalets 


TRACE MARK 


, (Abbott’s Vitamins and Minerals for Pregnancy and Lactation) 
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FLORAQUIN- 


"At present, the most successful treatment consists of thorough cleans- 
ing of the vagina with green soap in water, followed by drying with 
an ether dampened sponge, then insufflating the vagina, vulva, and 
perineum with a trichomonacidal powder, Floraquin being the more 
commonly employed. ... treatment on at least three successive office 
visits’ * should be supplemented by home therapy with Floraquin tab- 
lets, inserted morning and night into the anterior and posterior fornices. 
Floraquin combines the effective trichomonacide, Diodoquin, with lactose, boric acid 


and specially prepared anhydrous dextrose to help restore and maintain a normal 
vaginal pH unfavorable to pathogenic flora. 


*Collins, J. H., and Ellington, C. J., Jr.: Vulvovaginitis, New Orleans M. & S. J. 104:220 (Dec.) 1951. 


RESEARCH IN THE SERVICE OF mevicine SEARLE 


in a reported series of 500 consecutive 
cases of obstetrical and gynecological 
patients 437, or 87.4 pet cent, had some | 
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new, effective, faster, safer treatment 


cream 
first and only topical therapy to contain pantheno! 


CLINICALLY EFFECTIVE — new studies!.2 show that topical panthenol 
(analog of pantothenic acid) ‘favorably influenced the course of various 
ulcerative and pyogenic dermatoses. A majority healed and many 
showed various degrees of improvement.” Even long standing con- 
ditions resistant to other therapy seem to respond to Panthoderm 


e relieves pain and itching 
e promotes granulation and healing 


PLEASANT TO APPLY —non-staining, smooth-spread- 


2 oz. and 1 Ib. jars 


Samples and reprints!.2 on request 


U. S. VITAMIN CORPORATION 
Casimir Funk Laboratories, inc. (affiliate) 


250 East 43rd St., New York 17, N. Y. 
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selective 
anticholinergic gives 
unparalleled freedom from side effects 


greater specificity 


hitherto unobtainable freedom from side effects 
wider flexibility of dosage oan 


reduces gastric motility and secretion 


relieves pain 


PraNnTAL* Methylsulfate is a member of an entirely new class of synthetic 
anticholinergic compounds. It curbs excessive vagal stimuli to the stomach 
by inhibiting synaptic transmission across parasympathetic ganglia. 
PranTAL Methylsulfate is unique among anticholinergic compounds. Be- 
cause of its selective action, doses which reduce gastric motility and 
secretion rarely cause dilatation of the pupils, dryness of the mouth, 
urinary retention, or constipation. 

The pharmacodynamics of Prantat Methylsulfate have been the subject of 
extensive laboratory investigations in which the classical procedures were 
used. Studies by leading clinical investigators have confirmed the value 
oi its unusual properties in treatment of the peptic ulcer syndrome. 

to you promptly on request. 

A clinical supply of Prantat Methylsulfate will be sent to you on request. 
Average Dosage: One tablet (100 mg.) four times daily. 


Packaging: Prantat Methylsulfate (brand of diphenmethanil methylsulfate), 100 mg. 
scored tablets, bottles of 100, 


*T.M. 


Seleting CORPORATION ¢ BLOOMFIELD, NEW JERSEY 


Methylsulfate 
for peptic ulcer 
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For a Weeping Dermatitis 
LOTION 
HISTADYL and SURFACAINE 


Antiallergic 
Anesthetic 
Absorbent 


For a Dry Dermatitis 
CREAM 
HISTADYL and SURFACAINE 
Anesthetic 
Vanishing Cream 


El: Lilly and Company 
Indianapolis 6, Indiana, U.S. A. 


Soothe summer’s sting with 


LOTION or CREAM 


and Surfacaine 


 (THENYLPYRAMINE, LILLY) (CYCLOMETHYCAINE, LILLY) 


* 
| 
a4, ~+ 
i 
— 
foe 
¢ ¥ ¥ 
5 
3 
3 
* 
| 
~ 
"2 - 
‘ 
2 


VoL. XIII 


The American Journal of Medicine 


JULY, 1952 


No. 1 


Editorial 


Disorders of the Blood in Disseminated 
Lupus Erythematosus 


increasingly frequent recognition of 
disseminated lupus erythematosus is pro- 
viding an opportunity for physicians to 
become familiar with some of the unusual 
syndromes by which this disease may be mani- 
fested. The discovery of the L.E. cell' introduced 
a valuable diagnostic aid, and subsequent ob- 
servations have shown that the L.E. cell phe- 
nomenon is highly specific, occurring rarely if 
at all in other conditions.*~‘ In most cases of 
disseminated lupus, L.E. cells can be demon- 
strated in films of the buffy coat of peripheral 
blood. Nevertheless, in some typical instances of 
the disease the peculiar cells cannot be found 
on repeated examination of blood and bone 
marrow. At the Johns Hopkins Hospital the 
blood of a heterogeneous group of more than 
700 patients has been examined for L.E. cells. 
These cells have been identified in thirty-seven 
cases in all of which the clinical features were 
compatible with the diagnosis of disseminated 
lupus. When L.E. cells are demonstrable, they 
usually persist over a period of months or years. 
ing the administration of ACTH or cortisone 
the number of L.E. cells may decrease but they 
rarely disappear. Typical L.E. cells may be 
readily demonstrated in some cases of asympto- 
matic lupus, while they may not be found in 
occasional cases of the fulminating disease. ‘Thus 
1 Harcraves, M. M., Ricnmonp, H. and Morton, R. 
Presentation of two bone marrow elements: the “tart” 
cell and the “L.E.” cell. Proc. Staff Meet., Mayo Clin., 23: 
25-28, 1948. 
2 Haserick, J. R. Plasma L.E. test in 
erythematosus. 7. A. M. A., 146: 16-20, 1951. 
Suxsta, A. and Coney, observations 
on the L.E. cell. 7. Lab. & Clin. Med., 37: 597-602, 1951. 
4 Lez, S. L., Micnagt, S. R. and L. The 
L.E. (lupus erythematosus) cell. Am. 7. Med., 10: 
446-451, 1951. 


there seems to be no regular correlation between 
degree of activity of the disease process and the 
finding of the apparently pathognomonic cells. 

Certain abnormalities of the formed elements 
of the blood are rather common in disseminated 
lupus. Michael and his associates® have recently 
reviewed in detail the results of blood exami- 
nations of a large group of patients with this 
disease. Anemia is frequently encountered and 
leukopenia and thrombocytopenia are not un- 
common. In occasional cases of lupus a disorder 
of the blood may be the outstanding clinical 
feature, and in these instances the disease may 
simulate a primary blood dyscrasia. Thrombo- 
cytopenic purpura, indistinguishable from “‘idio- 
pathic” purpura, is not rarely an early mani- 
festation of disseminated lupus.*~? In these cases 
there may or may not be a history of joint pain, 
pleuritic pain or other suggestive evidence of 
lupus. Often the thrombocytopenia is not ac- 
companied with anemia or leukopenia but L.E. 
cells may be demonstrated in the blood. Smears 
of aspirated bone marrow contain many mega- 
karyocytes, and the marrow pattern cannot be 
distinguished from that seen in “idiopathic” 
throm ic purpura. The spleen often is 


not palpable but microscopic examination of the 


spleen may show the characteristic periarterial 
fibrosis. Splenectomy has been followed by a 
prompt and persistent rise in the platelet count 

§ Micnwagt, S. R., Vurat, I. L., Bassen, F. A. and 
Scuazrer, L. The hematologic aspects of disseminated 
(systemic) lupus erythematosus. Blood, 6: 1059-1072, 


1951. 
. M. Acute lupus erythematosus. Am. 7. Dis. 


* Lyon, J 


Child., 45: 572-583, 1933. 

? Tumutty, P. A. and Harvey, A. M. The clinical 
course of disseminated lupus erythematosus. An evalua- 
tion of Osler’s contributions. Bull. Johns Hopkins Hosp., 
85: 47-73, 1949. 
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in most of the patients studied, but other mani- 
festations of lupus have eventually appeared. 
Hemolytic anemia may occur in patients with 
disseminated lupus.®:* The anemia may appear 
at a time when other evidences of lupus are mild 
or absent. The hemolytic process is often associ- 
ated with the presence of autoantibody in the 
serum and the Coombs’ test may be positive. It 
is of interest that the Coombs’ test is sometimes 
positive in cases of lupus in which increased 
blood destruction is not evident.’ Prolonged 
therapy with ACTH and splenectomy have been 
observed to have no effect on the autoantibody 
titer, although the anemia may improve. There 
appears to be no good evidence to support the 
hypothesis that the blood abnormalities in lupus 
can be attributed to “hypersplenism.” In one 
patient studied at the Johns Hopkins Hospital 
hemolytic anemia first appeared two years after 
splenectomy had been performed for thrombo- 


cytopenic purpura. 

A rare form of hemorrhagic disorder has been 
recognized to be a manifestation of lupus. Two 
patients examined at the Johns Hopkins Hospital 


hemolytic anemia as the 
presenting pus erythematosus dissemina- 
tus. Am. J. Med., 12: 197-203, 1952. 

® Evans, R. S., TAKAHASHI, K., Duane, R. T., Layne, 
R. and Ly, C. K. Primary purpura 
and acquired hemolytic anemia: evidence for a common 
etiology. Arch. Int. Med., 87: 48-65, 1951. 


were found to have a circulating anticoagulant 
which retarded the conversion ray prothrombin 
to thrombin, even in the presence of tissue ex- 
tract thromboplastin. These patients apparently 
had in their serum an abnormal protein which 
interfered with the normal clotting mechanism. 
Other cases of atypical hemorrhagic disorders 
have been reported in which the clinical de- 
scriptions and autopsy findings suggest the possi- 
bility of lupus.'® Recent observations have indi- 
cated that there may be a relationship between 
“thrombotic thrombocytopenic ” and 
disseminated lupus but L.E. cells have not been 
demonstrated in the blood of patients with this 
disease. '! 

Hematologists are often unable to provide an 
etiologic explanation for the conditions which 
they are called upon to treat. The term “‘idio- 
pathic” has necessarily been overused in this 
branch of medicine. there- 
fore, to discover that some previously obscure 
disorders can now be satisfactorily classified. 

C. Lockarp CONLEY, M.D. 
Johns Hopkins Hospital, 
Baltimore, Md. 


10 Ley, A. B., REapEeR, G. G., Sorenson, C. W. and 
Overman, R. S. Idiopathic hypoprothrombinemia as- 
sociated with hemorrhagic diathesis, and the effect of 
vitamin K. Blood, 6: 740-755, 1951. 

1! Baronpess, J. A. Thrombotic thrombocytopenic 


purpura. Am. 7. Med. In press. 
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Clinical Studies 


Thrombotic Thrombocytopenic Purpura’ 


BENJAMIN R. GENDEL, M.D., JOSEPH M. YOUNG, M.D. and ALFRED P. Kraus, M.D. 
Memphis, Tennessee 


URING the past five years a number of 
patients who presented a fulminating 
thrombocytopenic purpura have been 

reported. These cases have been separated from 
the group of idiopathic thrombocytopenic pur- 
puras by virtue of characteristic clinical and 
histopathologic features. Although the first case 
was reported in 1925 by Moschcowitz,' the 
syndrome was not clearly defined until 1936 
when Baehr and his co-workers? reported four 
cases. In 1947 two groups of workers*:‘ reviewed 
the subject and Singer‘ suggested the name of 
thrombotic thrombocytopenic purpura. The 
disease is characterized by the clinical triad of 
hemolytic anemia, thrombocytopenic purpura 
and involvement of the central nervous system. 
Histologically, there are generalized hyaline 
arteriolar and capillary lesions which have been 
considered to be platelet thromboses. Although 
the disease has been considered rare, there are 
now -two reported cases in the literature. 

The clinical and pathologic findings in two 
additional cases are presented in this report 
along with a brief review of this interesting 
disease. 

CASE REPORTS 


Case 1. The patient was a thirty year old 
white man who had thrombophlebitis of his 
left leg in 1942. This was followed by refractory 
leg ulcers which did not heal completely despite 
various of treatment. There were recurrent 
episodes of thrombophlebitis of both lower ex- 
tremities and several bilateral venous ligations 
were performed. Subsequently, ulcers developed 
on the right leg. In April, 1949, the patient was 
found to be anemic with an erythrocyte count 
of 2.6 million. In addition the chest x-ray showed 
haziness of the left lower lung field. In July, 
1949, an episode of fever, urinary frequency 


and pain in the costovertebral angles occurred. 
Albuminuria, hematuria and pyuria were found. 
Following treatment with aureomycin and 
several blood transfusions the fever subsided. 
During his illness an tous eruption ap- 
peared over the cheeks and bridge of the nose 
and he also developed raised, purplish skin 
lesions on the neck. The fever and rash disap- 
peared but the leg ulcers persisted and he was 
admitted to this hospital on October 1, 1949. 

The patient was a well developed, fairly well 
nourished white man who appeared chronically 
ill. The blood pressure was 130/85. The heart 
and lungs were normal. Liver, spleen and kid- 
neys were not palpable. The right dorsalis pedis 
and posterior tibial pulses were faint. The left 
dorsalis pedis pulsation was normal but the 
posterior tibial was diminished. There was a 
scar of a high venous ligation on the left and 
several bilateral low ligation scars. There were 
several scars of healed ulcers and a number of 
open ulcers of both lower extremities. 

On admission the erythrocyte count was 
2.8 million; hemoglobin, 8.2 gm.; leukocyte 
count, 5,800 with 56 per cent neutrophils, 39 per 
cent lymphocytes, 3 per cent monocytes and 
2 per cent eosinophils. The platelet count was 
392,000. The initial urine showed a specific 
gravity of 1.015 and 1+ albumin. There were 
no abnormal elements in the urinary sediment. 
The serum proteins were 7.5 gm. per cent with 
3.4 gm. of albumin and 4.1 gm. of globulin. 
Prothrombin time was 100 per cent. Serologic 
tests for syphilis were positive in low titer. 
Bleeding and coagulation times were normal. 
The blood count four days later was approxi- 
mately the same; the platelet count was 715,000; 
reticulocytes, 3.4 per cent and hematocrit, 
23 per cent. Bone marrow was normal. The 
red cell hypotonic saline fragility test was nor- 


* From the General Medicine and Hematology Section of the Medical Service and the Laboratory Service, 
Veterans Administration Medical Teaching Group, Kennedy Hospital, Memphis, Tenn. Reviewed in the Veterans 
Administration and published with the approval of the Chief Medical Director. The statements and conclusions 
published by the authors are the result of their own study and do not necessarily reflect the opinion and policy of the 


Veterans Administration. 
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mal. Gastric analysis showed free hydrochloric 
acid after histamine. Sickle cell preparation was 
negative. The coagulation time twelve days after 
admission was moderately prolonged, nineteen, 
twenty-nine and thirty-five minutes in each of 
three tubes; bleeding time was normal. A 
protamine-heparin titration test showed the 
control end point to be 0.14 cc. of protamine 
sulfate. The patient’s blood did not clot at all, 
indicating the presence of a heparin-like anti- 
coagulant. Spinal fluid examination was normal. 
A urea clearance test showed a blood urea 
nitrogen of 18 mg. per cent and a clearance of 
62 per cent of average normal function. 

During hospitalization the urine contained 
traces of albumin with no abnormalities in the 
sediment. Two cultures of sputum for acid-fast 
bacilli were negative. Liver tunction tests 
showed no BSP retention in forty-five minutes; 
cephalin flocculation, 3+ in forty-eight hours; 
total serum bilirubin, 0.9, and one minute, 0.07 
mg. per cent. Studies of the blood for iso- and 
auto-agglutinins and hemolysins showed a cold 
iso- and auto-agglutinin with a titer of 1:4. 
The urinary urobilinogen was 9.5 mg. per day; 
the fecal urobilinogen, 300 mg. per day. The 
latter was considered elevated because of the 
anemia which was present and the results were 
considered consistent with a hemolytic anemia. 
Repeated studies of the blood showed a slight 
reticulocytosis with counts of 2.0 to 3.8 per cent 
and normal platelets. The last blood study on 
November 18, 1949, two days before the patient’s 
death, showed an erythrocyte count of 2.32 
million; hemoglobin, 6.6 grams; leukocyte 
count, 6,600 with a normal differential; platelet 
count, 289,000 (normal in our laboratory, 
400,000 to 800,000); hematocrit, 21 per cent; 
reticulocytes, 1.8 per cent. Terminally the 
patient developed azotemia with serum non- 
protein nitrogen levels up to 68 mg. per cent. 
Six blood cultures were sterile. 

The patient was afebrile on admission and 
was studied to determine the cause of his leg 
ulcers and anemia. Low-titered positive serologic 
tests for syphilis were found although there was 
no history of syphilis and the spinal fluid was 
normal. With the realization that the patient’s 
positive test might be a biologic false positive 
reaction, it was decided to treat him with peni- 
cillin starting on October 10, 1949. Two days 
later he developed a mild penicillin reaction 
consisting of edema of the right periorbital 
region. Benadryl® was given and the swelling 


subsided. The patient was able to complete a 
course of six million units of penicillin but 
without any benefit. On October 26, 1949, the 
patient was awakened by a paroxysmal tachy- 
cardia which was shown by electrocardiogram 
to be auricular tachycardia. This was controlled 
by quinidine. About this time slight fusiform 
swelling and stiffness of the fingers appeared 
and he could not clench his fists. The tempera- 
ture rose and remained between 101° and 102°F. 
until his death. He developed pain in the toes 
of the right foot and these became cyanotic and 
cold with manifestations of Raynaud’s phe- 
nomenon. A butterfly rash appeared over the 
bridge of the nose and cheeks. It was the 
opinion of the consulting dermatologists that 
this was a seborrheic dermatitis and the rash 
subsided under treatment with ammoniated 
mercury ointment. In an effort to control the 
febrile downhill course, penicillin treatment 
was re-instituted on November 5, 1949. In spite 
of concomitant administration of benadryl, 
another allergic response consisting of ecchy- 
motic urticarial lesions occurred. The erythro- 
cyte count fell to 2.3 million and was not im- 
proved by two 500 cc. blood transfusions. The 
leg ulcers had gradually healed during the 
course of hospitalization. 

Because of the unfavorable course with fever 
and evidence of multiple system involvement 
including pneumonitis, arthritis, butterfly rash, 
albuminuria, anemia and leukopenia, hyper- 
globulinemia and low-titered positive serologic 
tests for syphilis, a diagnosis of disseminated 
lupus erythematosus was made. However, two 
preparations for “L.E. cells’ were negative. 
The Raynaud’s phenomenon progressed to 
gangrene of the right great toe. A right lumbar 
paravertebral block with metycaine® was done 
on November 17, 1949, and afforded temporary 
relief of pain in the toe. On November 18, 1949, 
the patient developed a tremor of the left hand 
and lumbar pain. He became very apprehensive 
and gradually lapsed into coma. The blood 
pressure fell to 98/50. He was placed in an 
oxygen tent and later became oriented. How- 
ever, the improvement was transient and the 
patient developed peripheral vascular collapse 
and died on November 20, 1949, seven weeks 
after admission. 

Autopsy examination showed scarring of both 
lower extremities. The pleural cavities were 
obliterated by fibrous adhesions. The lungs were 
markedly edematous and congested. The heart 
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Fic. 1. Case 1. Heart showing verrucous lesions along margin of mitral valve. 


weighed 500 gm. and when opened showed 
verrucous nodules along the margins of the 
mitral leaflets. (Fig. 1.) The aorta was not 
remarkable. There was a hemorrhagic area 
which narrowed the lumen of the right hypo- 
gastric artery. The spleen weighed 690 gm. and 
the liver 2,500 gm. The adrenals showed ex- 
tensive hemorrhages involving both the cortex 
and medulla. The kidneys weighed 250 gm. 
each. Their capsules stripped with ease, and 
on section there was poor corticomedullary 
demarcation. 

Microscopic examination disclosed widely 
disseminated lesions of the capillaries and 
arterioles. These consisted of hyaline masses 
plugging the lumina of these vessels. (Fig. 2.) 
The plugs frequently were covered by endo- 
thelium and were continuous with the vessel 
wall. Other vessels were markedly dilated and 
thin-walled and much of the structure of the 
wall was absent. These changes were found in 
the heart, liver, spleen, pancreas, adrenals, 
kidneys and brain. A fine interstitial fibrosis 
most marked near the involved vessels was 
observed in the heart. There was slight hyper- 
trophy of some muscle fibers and others showed 
degenerative changes. There was moderate 
perivascular fibrosis. The verrucous lesions of 
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the mitral valve were made up of fibroblasts 
and strands of fibrinoid material. Around the 
involved vessels in the pancreas there were 
small areas of recent necrosis. The adrenals — 
were almost completely necrotic with a sur- 
rounding zone of hemorrhage and inflammatory 
reaction. The bone marrow showed an increase 
in megakaryocytes. The section from the hypo- 
gastric artery showed hemorrhage in the wall 
and a few thrombosed adventitial vessels. A 
section from pectoral muscle was normal. The 
final anatomic diagnoses were: (1) thrombotic 
thrombocytopenic purpura with generalized 
small vessel thrombi; (2) adrenal necrosis, 
bilateral; (3) pulmonary edema and congestion 
of spleen, liver and kidneys; (4) scarring of legs. 
Case 11. This patient was a thirty-one year 
old white man who was admitted to this hospital 
on February 22, 1951, because of malaise ac- 
companied by low back pain, nocturia, urinary 
frequency and urgency of one week’s duration. 
He consulted his local physician who told him 
that his blood count was low. He was given an 
injection of penicillin and eight hours later © 
developed urticaria and swelling of the face, 
arms and hands. This reaction subsided in about 
two days. Four days prior to admission the 
patient became nauseated and vomited several 
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material; hematoxylin and eosin X 200. 


times. Headache developed and there was 
increasing malaise. Small subconjunctival hem- 
_ orrhages occurred. Two or three days before 
admission the urine became deep orange in 
color. On the day before admission the patient 
became aware of a low-grade fever. Accom- 
panying these symptoms there were marked 
anorexia and weight loss. 

Two and a half years previously the patient 
had an illness characterized by malaise, low- 
grade fever, swelling of the feet, nocturia, fre- 
quency and dark urine. He was told he had 
“kidney trouble” and the symptoms subsided 
in two or three months although the urinary 
symptoms recurred at intervals. His last attack 
was six or eight months prior to admission; he 
was cystoscoped but the findings were unknown. 

Physical examination showed a well de- 
veloped, obese, white male who did not appear 
acutely ill. The temperature was 99°F. and the 
blood pressure 130/90. Bilateral subconjunctival 
hemorrhages and slight icterus were present. 
There were no retinal changes. There was a 
grade two systolic murmur at the apex but no 
other cardiac abnormalities. The liver, spleen 
and kidneys were not palpable. There was slight 
tenderness in the right costovertebral angle. 


Fic. 2. Case 1. Characteristic vascular lesion showing plugging of arterioles by hyaline 


Scattered petechiae were present over the 
extremities. 

On admission the e count was 
2.8 million, with 7.8 gm. of hemoglobin. The 
leukocyte count was 13,250 with 80 per cent 
neutrophils and 20 per cent lymphocytes. The 
platelet count was 201,600. Bleeding and coagu- 
lation times were normal on admission. The 
urine showed albuminuria with several erythro- 
cytes, leukocytes and granular casts in the 
sediment. The serum non-protein nitrogen was 
49 mg. per cent on admission. The level re- 
mained the same until March 8, 1951, when it 
rose to 112 mg. per cent. The total serum bili- 
rubin was 1.6 mg. per cent, and the one-minute 
fraction was 0.1 mg. per cent. The prothrombin 
time was 100 per cent; total cholesterol, 500 mg. 
per cent and esters 320 mg. per cent. Urinary 
urobilinogen varied from 1.3 to 3.4 mg. per day. 
Studies of fecal urobilinogen could not be com- 
pleted. Other tests of liver function including 
proteins, cephalin flocculation and thymol 
turbidity were normal. On March 5, 1951, the 
total blood cholesterol was still elevated to 
390 mg. and esters to 260 mg. per cent. The 
direct Coombs test was negative on two oc- 
casions. No auto- or iso-hemolysins or agglutinins 
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were found. A blood culture was sterile. Serologic 
tests for syphilis were negative. 

The course in the hospital was characterized 
by a low-grade fever up to 100°F. during the 
first week. The patient was originally thought 
to have an acute exacerbation of chronic 
nephritis with secondary anemia. Two days 
after admission the patient suddenly developed 
transient aphasia and right facial weakness, 
which lasted about an hour. Several blood 
transfusions were given without influencing the 
blood count. On February 28, 1951, he de- 
veloped a transient /eft facial weakness with 
mental confusion and aphasia, all of which 
disappeared in about an hour. Blood count at 
this time showed an erythrocyte count of 
2.43 million with 6.8 gm. per cent of hemo- 
globin; leukocytes, 10,200 with a differential of 
3 myelocytes, 8 metamyelocytes, 15 band cells, 
47 segmented neutrophils, 18 lymphocytes, 
8 monocytes and 1 eosinophil. There were 9 
nucleated erythrocytes per 100 leukocytes. The 
hematocrit was 22 per cent and there were 
21.8 per cent reticulocytes. Platelets were 
29,160. Because of the typical blood findings 
and the presence of transient, bizarre neurologic 
findings a diagnosis of thrombotic thrombo- 
cytopenic purpura was made. The tip of the 
spleen was palpable at that time. The patient 
had two other episodes of transient facial palsy 
and these were followed by an episode of restless- 
ness, disorientation, stupor and right hemiplegia. 
The temperature rose to 103.4°F. and on March 
6, 1951, treatment was started with aureomycin 
and ACTH, 25 mg. every six hours. Several 
additional blood transfusions were administered. 
The hemiplegia lasted only twenty-four hours, 
and on the following day the patient became 
more responsive although aphasia was present. 
Fever continued despite treatment with aureo- 
mycin and ACTH. The patient again lapsed into 
stupor and died on March 12, 1951, eighteen 
days after admission, about four weeks after 
the onset of his illness. He received a total of 
625 mg. of ACTH. 

At autopsy there were scattered petechial 
hemorrhages and ecchymoses over the extremi- 
ties. The pericardial sac contained 200 cc. of a 
brownish cloudy fluid and the epicardial sur- 
faces showed numerous petechiae. The lungs 
were edematous. The heart weighed 420 gm. 
and showed many small areas of hemorrhage 
throughout the muscle. The liver weighed 
3,000 gm. and the spleen, 300 gm. The kidneys 
jury, 1952 


were tense and had a combined weight of 
410 gm.; the capsule stripped with ease. There 
were numerous petechiae in the cortex and to a 
lesser extent in the medulla. The bladder and 
stomach showed numerous purpuric lesions but 
both organs had been intubated prior to death. 
The bowel contained tarry material and there 
were petechiae in the small intestine. 

The significant microscopic lesions were con- 
fined to the capillaries and small arterioles, 
many of which were distended and filled with 
a hyaline material identical in appearance with 
that in Case 1. There was no surrounding in- 
flammatory reaction. In some areas the plugged 
vessels were surrounded by recent hemorrhage. 
Some of the thrombosed vessels were being 
recanalized. In some vessels the endothelial cells 
were swollen and projected into the lumen. The 
vascular lesions were most numerous in the 
heart. There were areas of necrosis scattered 
throughout the cardiac muscle but no fibrosis 
such as was present in Case 1 was observed. The 
involved vessels in the adrenals were principally 
near the cortical surface, while in the kidney 
they were more frequent in the capillaries of the 
glomerular tufts. The involved vessels and 
hemorrhages in the pancreas were located in the 
lobules and interlobular spaces. Scattered vessels 
were also involved in the liver, spleen, brain, 
bladder and gastrointestinal tract. The diag- 
noses were: (1) thrombotic thrombocytopenic 
purpura; (2) congestion of lungs, liver, spleen, 
kidneys, adrenals and brain. 


The manifestations in these two cases were 
different yet the basic histopathologic lesion 
was identical. Our second patient showed the 
characteristic clinical picture of thrombotic 
thrombocytopenic purpura with the diagnostic 
triad of hemolytic anemia, thrombocytopenic 
purpura and transient neurologic manifestations. 
Because of this a correct antemortem diagnosis 
was made. The diagnosis was more difficult in 
our first patient who had a very complex and 
prolonged illness. The clinical course was 
characterized by recurrent thrombophlebitis, 
pulmonary infarctions and refractory leg ulcers 
probably due to stasis. As the condition pro- 
gressed the picture suggested disseminated 
lupus erythematosus although attempts to con- 
firm the diagnosis by demonstrating “L.E. 
cells’? were unsuccessful. Even at autopsy the 
gross finding of a verrucous endocarditis was 
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thought to support the diagnosis of lupus. How- 
ever, the microscopic findings did not substanti- 
ate this diagnosis and showed the characteristic 
vascular lesions of thrombotic thrombocytopenic 
purpura. The failure to find significant thrombo- 
cytopenia and the lack of hemorrhagic mani- 
festations are also of interest. Many platelet 
counts were normal. The last platelet count done 
two days before death was 289,000, which is 
only a slight reduction. The patient did have 
ecchymotic urticarial lesions but this was at a 
time when the platelet count was normal and 
he gave a history of a similar eruption several 
years previously. The absence of hemorrhagic 
manifestations has been noted in other cases.** 

The cause of this disorder is unknown. Baehr 
and his co-workers? suggested an allergic basis 
because of the resemblance of the vascular 
lesions to those occurring in the Shwartzman 
phenomenon. Fitzgerald and his co-workers’ 
commented on the frequency of urticaria in 
patients with this disease. One of their patients 
had severe hives intermittently for a year prior 
to death. Sulfonamide sensitivity was noted in 
the case reported by Engel’ and iodine sensi- 
tivity was believed responsible for the condition 
in the case reported by Erich and Seifter.* Both 
of our patients showed penicillin hypersensi- 
tivity. The relationship of these hypersensitivity 
reactions in our patients to the development of 
the disease is uncertain. In our second case the 
patient was told that he was anemic before the 
injection of penicillin and therefore it is possible, 
although not certain, that the condition may 
have antedated the reaction. We believe, from 
the appearance of the lesions in our first case, 
that they developed as a terminal event and thus 
followed the penicillin administration. In any 
case the frequent occurrence of drug hyper- 
sensitivity in this disease is probably more than 
coincidental. 

The relationship of thrombotic thrombocyto- 
penic purpura to disseminated lupus erythema- 
tosus has been discussed by others. Most authors 
have denied any relationship*:**!° although 
Gitlow and Goldmark" and more recently 
Beigelman'? have considered the possibility 
favorably. Beigelman has suggested that differ- 
ing syndromes would result depending on the 
part of the vessel which acted as the shock 
organ. A reaction in the intima would result in 
platelet thrombosis; a reaction within the vessel 
wall, in periarteritis nodosa; and a reaction in 
the perivascular mesenchyme would result in 


lupus erythematosus. It is of interest in this 
connection that non-bacterial verrucous endo- 
carditis similar to that seen in disseminated 
lupus was found in our first patient. This finding 
has also been noted in previously reported 
cases, 
The disease is more common in females. A 
review of the literature reveals that there have 
been twenty-two females and twelve males 
reported, including our cases. The ages of the 
reported cases have varied between nine and a 
half and sixty-nine years.*:!* Over half the cases 
have occurred in the second and third decades 
of life. The race was stated in twenty-seven of 
the reported cases and seven cases occurred in 
negroes. 
Histologically, the pathognomonic lesion is 
the so-called platelet thrombus which is widely 
disseminated throughout arterioles and capil- 
laries of practically every organ in the body. 
Most authorities believe that the hyaline 
material which partially or completely occludes 
the vessels consists of agglutinated platelets.*:* 
In fact, the name of thrombotic thrombocyto- 
penic purpura was suggested to indicate that 
the thrombocytopenia was due to loss of platelets 
from the circulation due to these platelet 
thrombi.‘ This supposed platelet origin of the 
hyaline lesions is based on exclusion of other 
substances such as hemoglobin, erythrocytes, 
leukocytes, hemosiderin, collagen or fibrin.* It 
has been further supported by the similarity of 
the staining properties of these lesions with 
those of platelets. As Meacham and his co- 
workers‘ point out, final proof thatthe hyaline 
masses are really platelets must await further 
study and they are of the opinion that most if 
not all of the material “represents an intramural 
degeneration rather than an_ intraluminal 


coagulum.” In this connection it is noteworthy 


that our first patient had large numbers of 
thrombi despite minimal thrombocytopenia. 
Proliferation of the endothelium has been noted 
around the thrombi. Occasionally foci of 
necrosis or infarction’® have been present but 
these have been insignificant when compared 
to the widespread distribution of the vascular 
lesions. Originally it was concluded that there 
was no evidence of a primary vascular disease.? 
Later it was believed that primary vascular 
damage in the form of endothelial swelling was 
responsible for the secondary deposition of 
platelet thrombi.*:'° More recently Gore® has 
described focal vascular lesions of the capillaries 


AMERICAN JOURNAL OF MEDICINE 


Thrombotic Thrombocytopenic Purpura—Gendel et al. 9 


and arterioles which he considers primary. 
Orbison”* noted similar changes. Similar lesions 
were found in our two cases, particularly in 
Case 11. In focal areas the vessel walls showed 
degenerative changes similar in appearance to 
fibrinoid necrosis. When one could trace the 
vessels to the point of hemorrhage, the wall was 
found to be fragmented. Dilataiion and thinning 
of the walls of the involved vessels was also noted 
in both of our cases. Orbison considered these 
dilatations to be aneurysms. In skip serial sec- 
tions of the heart in Case u involvement of 
almost every vessel was noted. Microscopic 
focal necroses and hemorrhages were plentiful. 
The lesions seen were frequently of different 
ages, suggesting showers of thromboses. In 
Case 1 there were recent thromboses with 
adjacent hemorrhages but the most prominent 
findings were the numerous foci of fine fibrosis, 
hyaline perivascular fibrosis and degeneration 
of the cardiac muscle fibers. In Case 1 there were 
areas of recent hemorrhage and necrosis. In 
both cases the heart was the organ most ex- 
tensively involved. 

The clinical course is usually acute with 
sudden onset of fever, weakness, pallor, jaundice 
and hemorrhagic manifestations. Although the 
jaundice is usually mild, it may be severe." 
The patient may complain of joint pains which 
may be indefinite or may simulate rheumatoid 
arthritis. Abdominal pain without significant 
localization has occurred frequently. These 
latter two symptoms are not infrequently seen 
in patients with hemolytic anemias especially 
in crises. The hemorrhagic manifestations in- 
clude petechiae, ecchymoses and hematuria. 
Moderate hepatomegaly and splenomegaly are 
usually present. The central nervous system 
manifestations are most important in pointing 
to the correct clinical diagnosis and are present 
in practically every case. These may be present 
at the onset and dominate the clinical picture 
or they may occur later, usually complicating 
what appears to be a hemorrhagic disease or 
anemia. This occurred in Case 1 in which the 
patient had neurologic symptoms including 
transient tremor only in the last days of life. 
Adams and his co-workers'* have recently 
reviewed the various central nervous system 
manifestations. These may include hemiplegia, 
facial paralysis, aphasia, convulsive seizures, 
tremors or reflex changes. These may be perma- 
nent or transient, the latter being especially 
striking and important in establishing the 
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diagnosis. There may be irrationality, restless- 
ness, confusion, delirium, stupor or coma. The 
clinical picture may be suggestive of encephali- 
tis.'* In some patients a psychosis may be the 
presenting or major manifestation.”°?! An in- 
teresting feature in Case 1 was the development 
of paroxysmal auricular tachycardia which 
might have been due to the extensive cardiac 
involvement. It is of interest that cardiac mani- 
festations have been rarely described despite the 
severity of cardiac lesions. 

The blood picture shows a hemolytic anemia 
and thrombocytopenia. A leukemoid reaction 
may be present and manifested by the presence 
of nucleated erythrocytes and immature leuko- 
cytes. Spherocytosis may be present but is 
variable. Reticulocytosis is frequent. Singer” 
studied the bone marrow in this disease and 
found that 57 per cent of the megakaryocytes 
were producing platelets. He concluded that 
the manufacture of platelets was not inhibited. 
On the other hand Meacham and his co- 
workers'* found platelet formation to be in- 
hibited. Our first patient showed a normal 
marrow early in his course. Undoubtedly this 
antedated the development of thrombotic 
thrombocytopenic purpura which we believe 
was a terminal event. The marrow in our second 
patient showed inhibition of platelet formation. 
A differential count of 100 megakaryocytes in 
this case showed 3 per cent megakaryoblasts, 
14 per cent promegakaryocytes, 75 per cent 
megakaryocytes without platelet formation and 
8 per cent free megakaryocytic nuclei. No 
megakaryocytes producing platelets were seen. 
This agrees with the observations of Meacham 
and supports his opinion, in which we concur, 
that the decrease in circulating platelets may be 
due more to inadequate formation than to their 
disappearance into plateJet thrombi. 

The differential diagnosis is from other con- 


ditions which may produce hemolytic anemia 


and thrombocytopenia. Hereditary spherocytosis 
is seldom associated with severe thrombopenia 
and hemorrhagic manifestations. A positive 
family history is also helpful ih differentiating 
the two conditions. Acquired hemolytic anemia 
is occasionally associated with thrombocytopenic 
purpura but may be ruled out by the positive 
Coombs test which is found in such cases and 
by the absence of central nervous system mani- 
festations. Paroxysmal nocturnal hemoglobinuria 
is characterized by hemoglobin in the morning 
urine, which disappears from urine passed later 
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in the day; leukopenia is frequently present and 
the acid fragility test is positive. Hypersplenic 
conditions must be differentiated but these may 
show a leukopenia whereas the leukocyte count 
in thrombotic thrombocytopenic purpura is 
usually elevated. In idiopathic thrombocyto- 
penic purpura, central nervous system mani- 
festations if present are due to extensive cerebral 
hemorrhage resulting in hemiplegia or death; 
they do not show the bizarre or transient mani- 
festations seen in thrombotic thrombocytopenic 
purpura. The anemia in idiopathic thrombo- 
cytopenic purpura is proportionate to the 
amount of bleeding and is never as low as it is in 
thrombotic thrombocytopenic purpura except 
when extensive blood loss has 

_ The prognosis is extremely poor. All reported 
cases have terminated fatally, usually in a few 
days to several months. In Beigelman’s'* Case 1 
and in our first case the exact time of onset of the 
disease was uncertain. This raised the question 
of atypical cases with longer courses. Engel and 
co-workers’ noted a transient improvement in 
their case but relapse occurred a month later 
and the patient died about three months after 
the onset of illness. Meacham et al.'* have 
recently reported an unusual case in which there 
is no doubt that the disease lasted for three years. 
Their patient underwent splenectomy three 
years before her death. A remission occurred 
and the patient was asymptomatic although 
somewhat anemic. Three years later the patient 
was readmitted to the hospital with neurologic 
symptoms and died several months later. Re- 
view of the sections of spleen showed typical 
lesions of thrombotic thrombocytopenic pur- 
pura. This would indicate the possibility of 
milder forms of the disease which do not con- 
form to the classical picture. 

Treatment has thus far been unsuccessful. 
Penicillin did not show any beneficial effect in 
our first case and, in fact, reactions to penicillin 
may have precipitated the disease in our cases. 
Aureomycin was unsuccessful in Case 1 and 
also in Singer’s experience.”* Splenectomy has 
been attempted in six cases.7:!%-14.23 Of these 
patients all but one died during or shortly after 
operation; it is true that most of them were 
moribund by the time splenectomy was con- 
sidered. Muirhead”* believes that splenectomy 
has not had a fair trial. A remission apparently 
was induced in the iously mentioned case 
reported by Meacham et al.'* Probably splenec- 
tomy deserves further consideration in patients 


in whom the diagnosis can be made early. We 
used ACTH without benefit in Case 1. Meacham 
et al. thought that ACTH may have induced a 
transient remission in one of their cases. This 
experience is insufficient to draw any definite 
conclusions. 


SUMMARY 


1. The clinical and pathologic observations 
of two cases of thrombotic thrombocytopenic 
purpura are presented. 

2. This condition is characterized by the 
clinical triad of (1) hemolytic anemia; (2) throm- 
bocytopenic purpura and (3) mental and neuro- 
logic abnormalities which may be bizarre 
or transient. It is not as rare as.is generally 
considered. 

3. The disease is of unknown etiology al- 
though probably related to hypersensitivity and 
usually runs a rapid, fatal course. 

4. The characteristic histopathologic finding 
is the widespread plugging of capillaries and 
arterioles by hyaline lesions. 


1. Moscucowitz, E. An acute febrile 
anemia with hyaline thrombosis of the terminal 
arterioles and capillaries: an undescribed disease. 
Arch. Int Med., 36: 89-93, 1925. 

2. Baenr, G., Kuempeer, P. and Scuirrin, A. An 
acute febrile anemia and thrombocytopenic 

purpura with diffuse platelet thromboses of 

illaries and arterioles. 77. A. Am. Physicians, 
51: 43-58, 1936. 

3. Frtzcerawp, P. J., AUERBACH, O. and Frame, E. 
Thrombocytic acroangiothrombosis (platelet 
thrombosis of the capillaries, arterioles and 

venules). Blood, 2: 519-541, 1947. 


4. Sincer, K., BonnsTzin, F. P. and Wie, S. A. 
Thrombotic purpura. Blood, 2: 
542-554, 1947. 


5. Carter, J. R. Generalized capillary and arteriolar 
platelet thrombosis. Am. J. M. Sc., 213: 585-592, 
1947, 

6. Gore, I. Disseminated arteriolar and capillary 
platelet thrombosis: a morphologic study of its 

Am. J. Path., 26: 155-175, 1950. 

7. Encer, G. L., ScHEInKErR, M. and Humpnrey, 

D. C. Acute febrile anemia and thrombocytopenic 
with vasothromboses. Ann. Int. Med., 26: 
919-933, 1947. 

8. Enricn, W. E. and Seirter, W. E. Thrombotic — 
thrombopenic purpura caused by iodine: report 
of a case. Arch. Path., 47: 446-449, 1949. 

9. ALtscHuLe, M. D. A rare type of acute thrombo- 
cytopenic purpura: widespread formation of 
platelet thrombi in illaries. New England J. 
Med., 227: 477-479, 1942. 

10. Trosauon, F. E., Jr., MARKow11z, M., Davipson, 
C. S. and Crowtey, W. F. An acute febrile illness 


AMERICAN JOURNAL OF MEDICINE 


REFERENCES 
> 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


Thrombotic Thrombocytopenic Purpura—Gendel et al. 11 


characterized by thrombopenic purpura, hemo- 
lytic anemia and platelet thrombosis. Arch. Path., 
41: 327-334, 1946. 

Git ow, S. and Go_pmark, C. Generalized capillary 
and arteriolar thromboses: report of two cases with 
a discussion of the literature. Ann. Int. Med., 13: 
1046-1067, 1939. 

BEIGELMAN, P. M. Variants of the platelet throm- 
bosis syndrome and their relationship to dissemi- 
nated lupus. Arch. Path., 51: 213-223, 1951. 

Green, M. A. and Rosentwat, S. Generalized 
blood platelet thrombosis: report of three cases 
with necropsy findings. J. Mt. Sinai Hosp., 16: 
110-120, 1949. 

Meacuas, G. C., Orsison, J. L., Heinte, R. W., 
Steete, H. J. and Scuaerer, J. A. Thrombotic 
thrombocytopenic purpura. A disseminated dis- 
ease of arterioles. Blood., 6: 706-719, 1951. 

BerRNHEm, A. I. Widespread capillary and arteriolar 
platelet thrombi: case report. J. Mt. Sinai Hosp., 
10: 287-291, 1943. 

Orsison, J. L. Morphology of the vascular lesions in 

“thrombotic thrombocytopenic purpura” with 
demonstration of aneurysms. Am. J. Path., 27: 687, 
1951. 


jury, 1952 


platelet thrombi in small blood vessels: report of 
a case. Yale J. Biol. G@ Med., 20: 571-576, 1948. 

18. Apams, R. D., CaAmMmERMEYER, J. and FitzcERALp, 
P. J. The neuropathological aspects of thrombo- 
cytic acroangiothrombosis: a clinico-anatomical 
study of generalized platelet thrombosis. J. 
Neurol., Neurosurg. G Psychiat., 11: 27-43 (Feb.) 
1948. 

19. Wyatt, J. P. and Lez, R. S. Hemorrhagic en- 
cephalopathy due to disseminated thrombocytic 
thrombosis. Arch. Path., 49: 582-589, 1950. 

20. GOLDENBERG, P. T., THAYER, J. E. and Hastincs, 
L. P. Febrile thrombopenic purpura with hemo- 
lytic anemia and platelet thrombosis. New 
England J. Med., 243: 252-256, 1950. 

21. Hauser, A., Beyer, A., Jr. and Burcer, R. A. 
Encephalopathy associated with acute diffuse 
platelet thrombosis. Arch. Neurol. G Psychiat., 65: 
672-679, 1951. 

22. Sincer, K., Morursxy, A. G. and SHANBERGE, 
J. N. Thrombotic thrombocytopenic purpura. 1. 
Studies on the hemolytic syndrome in this disease. 
Blood, 5: 434-448, 1950. 

23. Murrueap, E. E., Crass, G. and Hirt, J. M. Diffuse 
platelet thromboses with thrombocytopenia and 
hemolytic anemia (thrombotic thrombocytopenic 
purpura). Am. J. Clin. Path., 18: 523-532, 1948. 


Epstein, F. H., Descnamps, S. H. and 

T. L. Acute thrombocytopenic purpura with 

q 


The Hemostatic Defect in Thrombocytopenia 
as Studied by the Use of ACTH 


and Cortisone* 


WILLiaM W. FALOoN, M.D., RICHARD W. GREENE, M.D. and EUGENE L. LOZNER, M.D. 
Syracuse, New York 


role of the platelet in the coagulation 
| process and in the preservation of vascular 
resistance to trauma has long been 
recognized but the mechanisms involved in 
each of these phenomena and the factors con- 
trolling platelet production and function have 
not yet been completely elucidated. It has been 
repeatedly observed that improvement in hemo- 
stasis and vascular resistance may occur follow- 
ing splenectomy despite persistence of thrombo- 
cytopenia in patients with thrombocytopenic 
purpura.’ In addition, surgical procedures 
other than splenectomy have been observed to 
produce transient hemostatic improvement in 
patients with purpura while surgery in non- 
hemorrhagic states frequently is followed by 
platelet rises.2 Robson* has demonstrated that 
non-specific, stress-producing agents may induce 
increased vascular resistance as measured by 
the negative pressure method in normal in- 
dividuals. Other reports in the literature*—* 
indicate that patients with thrombocytopenic 
states respond well to the administration of 
ACTH and cortisone with resultant increases 
in platelet production and improvement in 
vascular resistance. In view of the apparent 
relationship between adrenocortical function 
and platelet production and vascular resistance, 
this investigation was undertaken in an attempt 
to determine whether or not these two phe- 
nomena are causally related or whether humoral 
factors may separately influence platelet pro- 
duction and vascular integrity. Included in 
these studies are observations on the effect of 
splenectomy when superimposed upon adreno- 
cortical stimulation. 


METHODS 

Eight patients were studied, five with idio- 
pathic thrombocytopenic purpura and three 
with purpura and thrombocytopenia associated 
with leukemia. After suitable control periods 
and observations seven of these patients were 
studied during and after the administration of. 
adrenocorticotropic hormone or cortisone. Daily 
blood platelet and eosinophil counts were 
done by the methods of Pohle and Pilot, 
respectively.’ Capillary fragility tests were 
carried out using standard 13 cm. cuff pressures 
of 100 mm. of mercury for ten minutes or pres- 
sures midway between systolic and diastolic 
pressure if the former was under 100.* The 
petechiae in a circle of 2.5 cm. diameter located 
5 cm. below the antecubital fold were counted 
following tourniquet pressure. In patients on 
whom tourniquet tests were performed daily 
and previously induced petechiae were present, 
the petechiae were counted in the 2.5 cm. circle 
before the tourniquet was applied and again 
after the ten-minute application. The difference 
between the second and the first counts com- 
prised the number of new petechiae. Clot re- 
traction was measured by Aggeler’s method’® 
by which procedure abnormal retraction is 
20 per cent or greater. Prothrombin utilization 
was determined as described by Quick.'' To 
simplify the recording of prothrombin utiliza- 
tion we have used a ratio of plasma prothrombin 
time in seconds to serum prothrombin time in 
seconds. The range of this ratio for normal 
bloods has been found to be between 0.46 and 
0.73. Although such a ratio has no bearing on 
the absolute prothrombin concentration in the 


* From the Department of Medicine, State University of New York, College of Medicine at Syracuse, N. Y. These 
studies were aided by a contract (NONR 12800) between the Office of Naval Research, Department of the Navy and 


Syracuse University and by a contract (NONR 12801) between the Office of Naval Research, 


ent of the Navy 


and the State University of New York. Both of these contracts were supported jointly by the Office of Naval Research 


and the Atomic Energy Commission. 
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plasma, it does reflect the fact that the greater 
the utilization of prothrombin in the original 
blood coagulation, the greater will be the serum 
prothrombin time. A fall in the ratio thus indi- 
cates improved prothrombin consumption or 
utilization. Bleeding times were measured by 


that improved capillary resistance occurred 
with hormonal therapy regardless of the occur- 
rence of a corresponding improvement in the 
platelet count. (Table 1.) In only two patients, 
B. H. and S. B., were platelet rises noted which 
corresponded with vascular resistance im- 


TABLE I 
IDIOPATHIC THROMBOCYTOPENIC PURPURA 
PLATELET COUNT AND VASCULAR FRAGILITY DATA ON PATIENTS RECEIVING ACTH OR CORTISONE 


Highest a Petechiae 
Days of Platelet ourniquet Test) 
Age Study When Platelet | Count 
Patient | and Diagnosis Raney 1 Given Count | during or Remarks 
Sex /Day | ACTH oF before | after | Before | During 
Cortisone Therapy | Therapy 
(Pay)* | WDay)* | (Day)* | (Day)* 
B. H. 13, F | Idiopathic throm- | ACTH 15 115,000 30 9 1 | Relapse 2 days after ACTH stopped 
bocytopenic 100 mgs. (4-18) (15) (1) (8) (14) 
purpura 
150 mg. 12 51,000 | 715,000 43 0 Remission until 30 days after 
(24-35) (22) (35) (24) (26) ACTH stopped 
150 mg. then 5 35,000 | 386,000 55 7 1 | Begun on cortisone 125 mg. daily 
cortisone (74-78) (69) (81) (69) (75) (78) | then 50-75 mg. 
‘Maintenance (79) 
B. H. 13, F | Idiopathic throm- | Cortisone 105 75,000 No 11 No Cortisone 125 mg. during menses; 
bocytopenic 50-75 mg. (1-15 wk.) change change ee test positive after 
cessa 
(second study) 
ACTH 8 44,000 24,000 65 31 ACTH begun after 30 days with- 
150 mg. (1-8) (4) (1) (3) out hormone, splenectomy with 
remission of at least 6 months 
S. B. 15, F | Idiopathic throm- | ACTH 10 49,000 | 438,000 90 5 0 | Remission maintained 1 year after 
bocytopenic 100 mg. (4-13) (11) (1) (7) (10)| therapy 
purpura 
Jj. K. 49, M | Idiopathic throm- | ACTH 150- 21 40,000 32,000 50 14 1 | Splenectomy on 46th day with 
100 mg. (29-49) (43) (1) (34) (44) | sustained remission for at least 
purpura ; 6 months 
D.K. (65, F | Idiopathic throm- | Cortisone 10 12,000 {| 13,000 65 20 10 | Relapse 4 days after cortisone 
bocytopenic 200 mg (7-16) (13) (6) (13) (14) | stopped 
purpura; relapse 
6 years after ACTH 100- 32 25,000 87,000 52 10 5 | Relapse 2 days after this course; 
splenectomy 120 mg. (21-53) (21) (36) (21) |(23) (28) | poor response to ACTH retreat- 
81,000 3 ment with smaller dosage 
(44) (44) 
ACTH 16 35,000 46,000 41 21 Moderate relapse when ACTH 
40 mg.; (61-76) (60) (77) (61) (69) stopped and cortisone continued, 
100 subsequent remission while corti- 
mg. sone continued and thereafter; 
mental confusion on cortisone 
* Parentheses indicate days of study 


the method of Duke.'? Urinary 17-ketosteroid 
determinations by the method of Drekter et al.'* 
were Carried out in two patients. * 
RESULTS 

Idiopathic Thrombocytopenic Purpura. Four of 
these patients were studied during either ACTH 
or cortisone administration and it is apparent 

* We are indebted to Dr. Charles W. Lloyd for these 
assays. 
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provement and in these it may be noted that 
the latter preceded significant rises in the 
platelets. In these patients clot retraction and 
prothrombin utilization ratios improved simul- 
taneously with the increases in platelets. 

After each of the first two courses of ACTH 
in patient B. H., relapse occurred although the 
second course produced a clinical remission of 
approximately thirty days’ duration. (Fig. 1.) 
The third course of ACTH then produced a 
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rapid remission and oral cortisone therapy was 
initiated. Maintenance cortisone was continued 
in this patient over a period of approximately 
sixteen weeks in doses of 50 to 150 mg. daily. 
(Fig. 2.) Platelet counts remained low and poor 
clot retraction and elevated prothrombin utili- 


zation ratio were present throughout this 
interval although normal vascular resistance 
was maintained. Excessive flow during men- 
strual periods seemed to be controlled by 
increasing the dose of cortisone to approximately 
125 mg. daily in this patient. Because of the 


BH. IIOPATHIC THROMBOCYTOPENIC 
PURPURA 


Fic. 1. Patient B. H., idiopathic thrombocytopenic purpura. Temporary remis- 
sions during ACTH therapy. Improvement in capillary fragility (decrease in 
petechiae) precedes significant rise in platelet count. 
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occurrence of hirsutism, skin striae and early 
rounding of the facies during this interval, 
splenectomy was elected. After three weeks 
without hormone, ACTH in doses of 150 mg. 
daily was given for four days prior to surgery. 
At this time no platelet response to ACTH was 
obtained and a rising eosinophil count occurred. 
No explanation for this resistance to the hor- 
mone except for the possible use of an impotent 
preparation can be offered. On the fifth day 
splenectomy was carried out without incident. 
An immediate fall in eosinophils and a rise in 
platelets with subsequent corresponding im- 
provement in clot retraction and prothrombin 
utilization took place with concomitant im- 
provement in vascular resistance. A normal 
menstrual i ensued without excessive 
bleeding and the patient has remained well for 
six months after splenectomy. 

In patient S. B. the rapid remission occurring 
during ACTH therapy has apparently been 
sustained over a one-year follow-up period. 
(Fig. 3.) The third patient, D. K., a previously 
splenectomized sixty-eight year old woman, 
showed marked improvement in the tourniquet 
test and in spontaneous bruising during the 
course of cortisone without improvement in 
platelets, clot retraction or prothrombin utiliza- 
tion. A mild exacerbation occurred as measured 
by the tourniquet test after cortisone was 
stopped and ACTH was initiated on the twenty- 
second hospital day. (Fig. 4.) This brought 
about a prompt improvement in this patient’s 


tourniquet test, again without change in plate- 
lets or other laboratory findings. Cessation of 
ACTH therapy was also followed by an exacer- 
bation in capillary fragility which was not 
controlled until after approximately ten days 
of combined ACTH and cortisone therapy. 
ACTH was then discontinued with a second 


SB. IDIOPATHIC. THROMBOCYTOPENIC 
PURPURA 


Fic. 3. Patient S. B., idiopathic 

purpura. Tourniquet test returned to normal before 
marked rise in platelets; remission maintained after 
ACTH stopped. 

relapse despite continued administration of 
approximately 100 mg. of cortisone daily. 
Shortly after this the patient underwent a 
spontaneous remission with a rising platelet 
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Fic. 4. Patient D. K., idiopathic thrombocytopenic purpura. Control of vascular fragility 
during ACTH and cortisone despite persistent thrombocytopenia; spontaneous remis- 


sion occurred during cortisone. 
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count, improvement in clot retraction and in 
prothrombin utilization ratio accompanied with 
return to normal in vascular resistance. This 
patient’s course suggests that the administration 
of cortisone and ACTH were temporarily 
useful in tiding her over an acute relapse of 


therapy. (Fig. 5.) The administration of ACTH 
for seventeen days before splenectomy in this 
patient resulted in a prompt fall in tourniquet 
test without significant change in platelet 
count or other coagulation functions. Splenec- 
tomy produced sustained improvement. 


| pays 


Fic. 5. Patient J. K., idiopathic 


thrombocytopenic purpura. 
tourniquet test during ACTH without platelet rise; remission followed splenec- 


tomy. 
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Fic. 6. Patient A. D., spontaneous remission in thrombocytopenic purpura with- 


out therapy. 
thrombocytopenic purpura. The subsequent 
remission cannot, however, be attributed to 
either of these agents. 
J. K., a forty-nine year old male, had per- 
sistent thrombocytopenia for one month before 


Patient A. D., an elderly white woman, was 
found to have thrombocytopenic purpura which 
may have been allergic in type, but no specific 
agent could be definitely incriminated. Over a 
two-week period of observation the patient 
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underwent spontaneous improvement in tour- 
niquet test, platelet count, clot retraction 
and prothrombin utilization. (Fig. 6.) The data 
on this patient are included to demonstrate the 
similarity of remission under ACTH therapy 


to ACTH but there was marked improvement in 
the vascular resistance. (Fig. 5.) Splenectomy * 
was carried out during ACTH therapy in both 
subjects and the dosage of the hormone was 
gradually decreased postoperatively. In both 


TABLE I! 
PLATELET COUNT AND VASCULAR FRAGILITY DATA ON PATIENTS RECEIVING ACTH OR CORTISONE 
LEUKEMIA WITH THROMBOCYTOPENIA 


Highest Petechiae 
Day: of | Highest | Platelet | (Tourniquet Test) 
Age Study When} Platelet | Count 
Patient | and Diagnosis ae Given | Count | during Remarks 
(Day)* | (Day)* | (Day)* | (Day)* 
H.H.  [58, M | Chronic ACTH 12 37,000 25 Relapse in tourniquet test after 
leukemia, thrombo- | 100 mg. (4-15) (1) (11) (4) (8) ACTH stopped 
cytopenia 
M.K. /45, M | Acute myelogenous | ACTH 3 47,000 54,000 50 12 Received A-methopterin dur- 
leukemia, 40 mg. (3-5) (1) (5) (3) (5) ing study; relapse in tourni- 
thrombocytopenia quet test after ACTH stopped 
G.G 34, M | Acute aleukemic ACTH 4 16,000 5,000 65 34 Marked relief of gum bleeding; 
myelogenous 40 mg., (1-4) (1) (3) (1) (3) retreatment days after 
leukemia, intravenously 1st course 
thrombocytopenia 
ACTH 11,000 14,000 50 20 Marked relief again 
40 mg., (1-3) (1) (4) (1) (4) 
* Parentheses indicate days of study 
to the reco very which may occur spontaneously us. © cd LEUKEMIA WITH PURPURA 16 
in this disease. 


Leukemia. Toone patient with chronic mono- 
cytic leukemia and two with acute myelogenous 
leukemia ACTH was administered during 
periods of severe thrombocytopenia and pur- 
pura. In all three no change in platelet count 
occurred although vascular resistance im- 
proved markedly. (Table 1.) The typical find- 
ings of one patient are demonstrated in patient 
M. K. (Fig. 7.) Withdrawal of ACTH in all 
patients was followed by a prompt return of the 
purpuric manifestations. Although relief was 
but temporary, striking diminution in blood 
loss from gums and mucous membranes as well 
as in the purpura occurred in patient G. G. 
when given ACTH. Drainage of a subphrenic 
abscess was accomplished without excessive 
bleeding in the patient with chronic monocytic 
leukemia and severe thrombocytopenia 

ACTH and Splenectomy. In two patients, B. H. 
and J. K., splenectomy was carried out during 
ACTH therapy. As previously mentioned ACTH 
produced no fall in eosinophils in patient B. H. 
and only a slight fall in the number of petechiae 
after a tourniquet test. Patient J. K. also 
demonstrated an indefinite eosinophil response 
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Fic. 7. Patient M. K., acute leukemia with purpura. 
Improvement in tourniquet test during ACTH with- 
out platelet rise. 
patients no excessive bleeding occurred during 
the operative procedure and a good response to 
splenectomy followed. There was no evidence 
of delayed wound healing in either patient. 
COMMENTS 
Previous work by Robson and Duthie,’ and 
Bethell et al.* have suggested that capillary 
*Surgery was performed by Dr. Leon Berman 
(B. H.), and Dr. Richard Eberle (J. K.). 
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resistance improves prior to or in the absence of a 
rise in platelet counts in patients with thrombo- 
cytopenia treated with ACTH. In our series of 
studies this finding has been a consistent one 
both in “idiopathic” thrombocytopenic purpura 
and in patients with thrombocytopenia and 
leukemia. Although the mechanisms involved 
in the improvement of vascular resistance with- 
out change in platelet counts cannot be clearly 
defined, it is of note that Menkin"™ and others!® 
have found that vascular “permeability” as 
measured by transudation of fluid in animals is 
decreased by the administration of cortisone 
and adrenocortical extract. It has been shown 
that adrenocortical hormones are able to inhibit 
the effect of leukotaxin, cell free exudates and 
hyaluronidase in increasing vascular “per- 
meability.”” However, there is no clear evidence 
indicating that vascular fragility represents. the 
same phenomenon as vascular permeability or 
that either leukotaxin or hyaluronidase are 
related to petechiae formation. 

Another possible mechanism of increased 
vascular resistance in patients receiving ACTH 
or cortisone involves the action of ascorbic acid 
in preserving vascular integrity. Cortisone and 
ACTH have been found to prolong life and 
decrease hemorrhagic phenomena in guinea 
pigs given scorbutogenic diets.'*!” Plasma and 
blood cell levels of this vitamin are increased 
and urinary excretion of ascorbic acid is reduced 
by cortisone." ACTH, however, has been 
reported to increase urinary loss in the majority 
of patients while blood levels of vitamin C 
are increased or unchanged.'* The source of the 
increase in ascorbic acid in the blood is not yet 
clear but it has been suggested that it is re- 
leased from certain tissues and deposited in 
others under the influence of adrenal hor- 
mones.!* It would appear, however, that if this 
vitamin is involved in the observed improve- 
ment in vascular resistance in purpura, on the 
basis of our studies it must be demonstrated that 
ascorbic acid metabolism is altered in the same 
direction by both ACTH and cortisone. In one 
patient in our series, D. K., who demonstrated 
suggestive escape of vascular fragility during 
cortisone therapy, the administration of ascorbic 
acid in doses of 400 mg. daily resulted in no 
demonstrable improvement in vascular fragility 
and a blood ascorbic acid level just prior to this 
therapy was found to be 0.85 mg. per cent. A 
spontaneous remission in the patient’s disease 
occurred shortly after the institution of ascorbic 


acid treatment but no causal relationship could 
be demonstrated. It is of interest that Stefanini 
and Rosenthal found hemorrhagic phenomena 
occurring during the administration of large 
doses of ACTH which they attributed to 
ascorbic acid deficiency.”° No patients in our 
series have demonstrated this finding. 

The studies reported here are of some interest 
in relation to current theories concerning the 
etiology of thrombocytopenic purpura. Evans 
and his co-workers”! have postulated that there 
is a relationship of thrombocytopenia to immune 
mechanisms such as those found in acquired 
hemolytic anemia. The effect of ACTH and 
cortisone in altering body reaction in certain 
hypersensitive states has been demonstrated”? 
and it is reasonable to hypothesize that this may 
be the manner in which remissions are induced 
by ACTH in thrombocytopenia. The failure of 
platelet counts to rise consistently during ad- 
renocortical stimulation or substitution therapy, 
however, casts some doubt upon the theory of 
hypersensitivity as a cause of thrombocytopenia 
in at least the idiopathic form of purpura. If the 
hypersensitivity involves the capillary wall, 
however, the effect of ACTH and cortisone may 
be reasonably explained as due to adrenal 
steroid alteration of an immune mechanism. 

It is of some interest in connection with the 
theory of hypersensitivity in “idiopathic” pur- 
pura that both ACTH and cortisone have been 
found to induce remissions in wer 1 purpura 
with or without thrombocytopenia : 

Harrington and his auieal” have re- 
cently demonstrated a thrombocytopenic factor 
in the blood of eight of ten patients with idio- 
pathic purpura and in one of three subjects with 
secondary thrombocytopenia. That such a factor 
might exist had been suggested by the previous 
studies of Epstein et al.** in congenital thrombo- 
cytopenic purpura. In two of the patients 
reported by Harrington the effect of ACTH and 
cortisone on the thrombocytopenic factor was 
studied. The thrombocytopenic factor was 
found to persist in one patient whose platelets 
failed to change during administration of either 
hormone. In a second patient cortisone therapy 
was accompanied with a rising platelet count 
and disappearance of the thrombocytopenic 
factor. Interpretation of these results in connec- 
tion with our studies is difficult but it appears 
that the platelet reducing factor is only irregu- 
larly influenced by these endocrine substances. 
Our results in regard to thrombocyte response 
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are consistent with this conclusion. The more 
consistent occurrence of improved vascular 
resistance suggests that platelet production or 
destruction and vascular resistance are con- 
trolled at least in part by separate mechanisms. 
That thrombocyte levels are also of significance 
in controlling vascular fragility, however, is 
suggested by the work of Hirsch and Gardner.?’ 
They have found that infusion of platelet rich 
blood into thrombocytopenic patients alters 
vascular fragility toward normal. Unless such 
infusions contain or stimulate the production of 
humoral substances capable of improving 
vascular resistance, their studies and ours indi- 
cate that vascular fragility is subject to altera- 
tion by either platelet elevation or adrenal 
steroid mobilization. 

One of the theories of thrombocytopenia in 
patients with idiopathic purpura is that platelet 
utilization is increased due to the large numbers 
of bleeding areas and increased demand for 
platelets.”* In view of the finding of diminished 
petechiae formation and the absence of hemor- 
rhagic phenomena with no change in platelet 
counts during hormone therapy, this theory 
would appear to be untenable. Failure to find 
increased platelet counts when petechiae and 
purpura are controlled would suggest that 
the thrombocytopenia is due to mechanisms 
other than increased utilization at bleeding 
sites. 

Emphasis has been placed by some workers 
upon the fact that idiopathic thrombocytopenic 
purpura in adults occurs most frequently in 
females”® and estrogens have been suggested as 
a possible causative agent in this phenomenon. = 
In connection with this concept it is of interest 
that ACTH and cortisone are 
hormones. Whether this characteristic of these 
agents is responsible for the beneficial effect 
during their administration, however, cannot 
yct be answered. 

Regardless of the mechanism responsible for 
the antihemorrhagic effect of the adrenocortical 
steroids, the therapeutic implications of these 
studies seem clear-cut. In thrombocytopenic 
states ACTH or cortisone appear to be bene- 
ficial in: (1) tiding patients over an acute 
episode of thrombocytopenia; (2) preparing 
patients for splenectomy or other surgery; (3) 
therapy of persistent or recurrent thrombo- 
cytopenia and purpura after splenectomy; and 
(4) in symptomatic therapy for secondary 
purpura associated with other blood dyscrasias. 
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SUMMARY 


1. Four patients with idiopathic thrombo- 
cytopenic purpura and three with purpura and 
thrombocytopenia associated with leukemia 
have been studied during ACTH or cortisone 
therapy. 

2. The results indicate that these agents 
induce improvement in vascular resistance 
which is not necessarily accompanied with 
increased platelet production. Although com- 
plete remission with normal platelet counts, 
prothrombin utilization and clot retraction 
occurred in two patients, this was preceded by 
improvement in vascular resistance in both. In 
all other patients vascular resistance increased 
without platelet count changes. 

3. Administration of adrenocorticotropic hor- 
mone or cortisone interferes with neither the 
occurrence of a spontaneous remission nor 
remission induced by splenectomy. 

4. The hematologic changes occurring during 
ACTH induced remission do not appear to 
differ from those found during a spontaneous 
remission. 

5. The use of adrenocorticotropin or cortisone 
in thrombocytopenic states has been found to 
control the hemorrhagic phenomena before 
splenectomy and may be of use in the acute 
phase until spontaneous remission occurs. 
Likewise, patients undergoing relapse after 
splenectomy may undergo improvement during 
ACTH or cortisone therapy. These agents also 
appear to be of value in the symptomatic relief 
of leukemia patients with thrombocytopenia and 
hemorrhagic diatheses. 


CONCLUSION 


The hemostatic defect in thrombocytopenia 
appears on the basis of these results to be two- 
fold: (1) abnormal vascular fragility which has 
been consistently responsive to adrenocortical 
steroid mobilization or administration; and 
(2) reduced production or increased destruction 
of platelets with concomitant poor clot retrac- 
tion and prothrombin utilization which are only 
irregularly corrected by hormone therapy. It is 
concluded that platelet production and vascular 
resistance may be separately influenced by 
humoral factors. 
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The Effect of Corticotropin (ACTH) and 
Cortisone on Idiopathic 
Thrombocytopenic Purpura’ 


SLOAN J. WILSON, M.D. and Gustave EIsSEMANN, M.D. 
Kansas City, Kansas 


REMISSION has been observed in five of 
twelve patients with idiopathic throm- 
bocytopenic purpura following the 

administration of ACTH and cortisone. In 
three patients the remission has been continu- 
ous. In the other two the response was transient. 
A splenectomy was done in six of the seven 
patients not responding to the hormones, an 
excellent result being obtained in five instances. 

The effects of ACTH and cortisone on idio- 
pathic thrombocytopenic purpura have not 
been reported extensively. Bethel et al.' ob- 
served clinical and hematologic response with 
ACTH and cortisone in six patients. Rosenberg 
et al.? observed a remission in one of two pa- 
tients. Wintrobe et al.* reported moderate 
improvement in one case with ACTH, the re- 
sults being more marked following splenectomy. 
Harrington et al.‘ and Evans and Liu® have 
each reported an excellent response in a case of 
postsplenectomy recurrent thrombocytopenic 
purpura, one patient receiving ACTH and the 
other cortisone. Hyman reported two subjects 
responding to these hormones, one to ACTH 
and the other to cortisone. 

Current concepts of the pathogenesis of 
idiopathic thrombocytopenic purpura postulate 
that the low platelet levels result from a sup- 
pression of megakaryocytic activity,’ an increase 
in platelet lysis,* or phagocytosis.* The recent 
observations of Evans et al.'® seem to indicate 
that platelet agglutinins may be found in the 
blood of patients with this disease. Harrington 
et al.‘ have demonstrated the presence of a 
thrombocytopenic factor in the blood of 
thrombocytopenic patients. The effects of the 
pituitary-adrenal systems on the platelets have 
been observed experimentally. Bilateral adrenal- 


ectomy in rats results in a steady rise in the 
platelets. Platelet levels in hypophysectomized 
rats are lower than in control animals. A 
variety of stimuli of stress, such as fever, '*:"‘ severe 
exercise,'® anoxia,'* hemorrhage,’ trauma'® 
and surgery"® are reported to alter the platelet 
level significantly. The beneficial effects of 
ACTH and cortisone on certain patients with 
acquired hemolytic anemia in which there is a 
positive Coombs test are well known. Is it possi- 
ble that these hormones effect an unknown im- 
munothrombocytopenic mechanism? 


METHODS 


In each subject the diagnosis of idiopathic 
thrombocytopenia purpura was made on the 
basis of the criteria of Wiseman, Doan and 
Wilson® as follows: spontaneous purpura, de- 
crease in blood platelets below 100,000 per cu. 
mm., the presence of normal clotting time and 
prothrombin time, anemia and leukocytosis not 
out of proportion to the amount of bleeding, 
absence of pathologic cells in the blood or bone 
marrow, exclusion of history or drugs that are 
known to cause purpura, and absence of an 
enlarged spleen or enlarged lymph nodes. 
Repeated observations were made on the leu- 
kocyte, erythrocyte, hemoglobin and _ blood 
platelet levels. Platelet determinations were 
done by a modification of the Rees-Ecker 
method, normal values in our laboratory 
ranging from 225,000 to 325,000 per cu. mm. 
Bone marrow biopsies were done by the aspira- 
tion method and studied by the supravital 
method, Janus green and neutral red dyes, after 
having been prepared with Wright’s stain. 
Cortisone was given in the following doses: 50 
to 100 mg. daily for at least fourteen days. If a 


* From the Department of Medicine, University of Kansas School of Medicine, Kansas City, Kan. This study was 
supported in part by a grant-in-aid from the U. S. Public Health Service. 
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platelet response was obtained, the dosage was 
decreased gradually and then discontinued. 
ACTH was given in doses of 40 mg. per day 
intramuscularly (or its equivalent in intravenous 
therapy, 10 mg. per day given in an eight-hour 


years, was admitted to the Medical Center with 
acute generalized purpura of three weeks’ 
duration. She had bruised easily for four years. 
ACTH was given intramuscularly. The plate- 
lets became elevated after the fourteenth day © 


3 


CORTISONE (NGM) 
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Fic. 1. This patient had a splenectomy four years before with no increase in plate- 
lets. Low platelet values had been observed continuously during the four-year 
period. The patient was admitted with acute pyelonephritis. Response to ACTH 
was prompt and dramatic; there was little or no response to cortisone. — 


period). A splenectomy was done in those cases 
not responding to hormone therapy. 


OBSERVATIONS ON PATIENTS RESPONDING 
TO ACTH AND CORTISONE 


Five patients, four women and one man, had 
a complete clinical and hematologic remission 
following the therapeutic administration of 
ACTH or cortisone. Each patient will be dis- 
cussed separately because of individual differ- 
ences in response. 

One patient, (Fig. 1) a white woman aged 
eighteen years, had been observed continuously 
following unsuccessful splenectomy four years 
prior to this admission. During this time the 
platelets had never been above 100,000 per cu. 
mm. She was admitted to the Medical Center 
with acute pyelonephritis. The platelets de- 
creased to 36,000 and severe epistaxis and 
purpura developed. ACTH therapy intra- 
muscularly was started and the platelet response 
was dramatic and all hemorrhagic manifesta- 
tions disappeared. The platelets decreased when 
ACTH was stopped. Subsequently cortisone 
had little effect. 


A white woman, (Fig. 2) aged sixty-two 


of therapy. The hormone was then discontinued 
and splenectomy was done while the platelets 
were still elevated. The immediate postoperative 
response was excellent for a number of days. 
At a later date all the clinical and hematologic 
signs of thrombocytopenic purpura recurred. 

A white girl (Fig. 3), aged six years, was 
admitted to the Medical Center with acute 
thrombocytopenic purpura of three weeks’ dura- 
tion. She had bruised easily since birth. An 
excellent response to ACTH was obtained. 
When the hormone was discontinued, the 
platelets decreased. The patient again re- 
sponded to ACTH with an increase in platelets 
and a disappearance of all purpuric signs. The 
hormone was again stopped. Eighty days later 
cortisone was given because there was again a 
moderate decrease in platelets. Since the last 
administration of cortisone the platelets have 
remained normal for 430 days of observa- 
tion and no clinical signs of the disease have 
occurred. 

Two subjects (Fig. 4 and 5), a white boy aged 
four years with purpura of one week’s duration, 
and a white girl aged four years with purpura 
of three weeks’ duration, were given cortisone 
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orally and an excellent response obtained in 
each case. There has been no clinical or hema- 
tologic evidence of a recurrence of the disease. 
The boy has been observed 275 days. The girl 
has been observed 193 days. 

There was a variation in the time interval 


between initiation of therapy and the platelet 
response. In three subjects (Fig. 1, 4, 5) the 
response occurred in less than seven days. In 
the other two patients (Fig. 2 and 3) the plate- 
lets did not increase until the eighth and 
fourteenth days. 
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Fic. 2. Patient responded immediately to ACTH. An exacerbation occurred 
after discontinuing therapy. Again a response to ACTH occurred and splenec- 
tomy was done. Immediate postoperative response was excellent but an exacer- 


bation of the disease occurred later. 


CORTISONE 


Fic. 3. Patient with immediate response followed by exacerbation after discon- 
tinuing therapy. A remission again was produced with ACTH and later with 
cortisone; remission still persists after 430 days of observation. 
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OBSERVATIONS ON PATIENTS NOT RESPONDING 
TO ACTH OR CORTISONE 


In seven patients the platelets did not respond 
to ACTH or cortisone therapy. Four patients 
were given cortisone and three ACTH. Six were 
females and one a male. In all but one instance 


in the six remaining subjects (Fig. 6) and all but 
one had an excellent platelet response. 
COMMENTS 


It is interesting to speculate on the possible 
mode of action of the corticoadrenal system on 
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Fic. 4. Response to oral cortisone in a boy with no recurrence following discontinuance 
of therapy. Thrombocytopenic purpura had been present seven days prior to therapy; no 


recurrence after 275 days of observation. 


pays 

Fic. 5. Prompt response to cortisone in a girl with acute 
throm ic purpura; no recurrence has been 
noted after 193 days of observation. 


there was a clinical improvement in the purpuric 
manifestation of the disease, enough so that the 
patients considered themselves much improved. 
One subject, a white girl aged nine years, died 
of cerebral hemorrhage after ACTH had been 
given for only six days. An adequate evaluation 
of her case is not possible. Splenectomy was done 


the hematopoietic system. Wintrobe”® suggests 
that these hormones act by exerting a regulatory 
effect on metabolic processes that could proceed 
even in the absence of these substances. Bethel 
et al.! state that ACTH and cortisone may 
modify splenic dysfunction in hypersplenism, 
causing a restoration to normal of platelets in 
thrombocytopenic purpura. 

The current concepts of the pathogenesis of 
thrombocytopenic purpura have been men- 
tioned previously. Spontaneous remission can 
occur, which makes evaluation of therapy 
difficult. The rapid cure of many patients with 
idiopathic thrombocytopenic purpura following 
splenectomy cannot be ignored. This would 
certainly not suggest an immunologic reaction 
as indicated by Evans et al.!° Ackroyd*! con- 
cluded that the thrombocytopenia in certain 
cases of sedormid sensitivity is due to an auto- 
immune mechanism resulting in platelet destruc- 
tion. Thus it would seem that there probably is 
more than one cause for the disease known as 
idiopathic thrombocytopenic purpura. No dis- 
cussion would be complete without presenting 
the recent observations of Wright et al.?* Direct 
splenic and venous studies were made in the 
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hypersplenic syndromes before and after epi- 
nephrine. They state that the validity of inter- 
pretations relating to selective splenic cellular 
hypersequestration, as based on epinephrine- 
induced alterations in the peripheral circulation, 
has been established by them by carefully 


CONCLUSIONS * 


Twelve patients with idiopathic thrombo- 
cytopenic purpura were administered ACTH 
and cortisone. Five subjects responded. 

One patient who had previously had a 
splenectomy with recurrence of the disease 
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ACTH or cortisone. One patient had only a slight immediate response with recurrence of the 
disease shortly thereafter; five subjects responded immediately and dramatically. 


controlled splenic artery and vein studies before 
and after intra-arterial epinephrine injections 
during the surgical removal of the spleen in 
selected subjects with either primary or second- 
ary hypersplenic syndrome, including idio- 
pathic thrombocytopenic purpura. 

It is difficult to evaluate the actual role of 
ACTH and cortisone in the control of certain 
cases of idiopathic thrombocytopenic purpura. 
It is possible that an “immunothrombocyto- 
penia” is controlled, similar to the excellent 
effect of these same hormones in certain cases of 
acquired hemolytic anemia in which the Coombs 
test is positive. Another interesting hypothesis is 
that the hormones may directly affect the spleen 
and the bone marrow. Observations in the next 
few years will be of interest and importance. 
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responded completely to ACTH. Cortisone had 
little effect on the platelet level. In another sub- 
ject who responded to ACTH and later had an 
excellent postsplenectomy response there was 
subsequent recurrence of thrombocytopenic 
purpura. 

Another patient responded to both ACTH 
and cortisone. Two others responded to corti- 


* Since submission of this paper for publication, three 
additional patients have been treated with ACTH and 
cortisone. Two patients, both four year old white boys, 
had partial remissions with cortisone and good responses 
after ACTH. Platelet levels fell to purpuric levels after 
discontinuation of therapy. In each instance an excel- 
lent result was obtained after splenectomy. A nine year 
old colored girl had a complete remission after the third 
day of cortisone. M. S. P., the patient in Figure 1, again 
had a recurrence of purpura which responded to ACTH. 
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sone. There has been no recurrence of thrombo- 
cytopenic purpura in these three patients. 

Seven patients did not respond to the hor- 
mones. In six instances splenectomy was done, 
with excellent clinical and hematologic response 
in five cases. 

The mode of action of ACTH and cortisone 
in certain patients with idiopathic thrombo- 
cytopenic purpura is unknown. 
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ONFLICTING reports have appeared con- 
cerning the effect of ACTH on blood 
coagulation. Smith! found that ACTH 

in normal individuals caused a transient increase 
in coagulation time followed by a slight fall. 
Cosgriff? reported many thromboembolic epi- 
sodes occurring in patients under treatment with 
ACTH and cortisone and he found that ACTH 
frequently caused a decreased coagulation time. 
Recently, Fahey reported that he found no 
significant change in whole blood coagulation 
times in normals and in patients treated with 
ACTH.?* 

In the course of evaluating the effect of ACTH 
therapy in cirrhosis certain effects on blood 
coagulation were observed which have been 
briefly reported.*> Patients with advanced cir- 
rhosis manifest deficiencies in several of the 
components involved in blood coagulation, in- 
cluding plasma prothrombin, plasma fibrinogen 
and blood platelets. In patients with cirrhosis 
exhibiting these deficiencies thrombotic episodes 
are a rarity and indeed hemorrhagic manifesta- 
tions are common. However, while under treat- 
ment with ACTH three patients with advanced 
cirrhosis developed what appeared to be acute 
portal vein thrombosis. This occurrence sug- 
gested that certain of the known deficiencies in 
the blood clotting mechanism of these patients 
had perhaps been corrected by ACTH, thus 
allowing the stagnant portal blood to clot. 
Accordingly, the effects of ACTH on various 
phases of blood coagulation were studied in a 
group of patients with cirrhosis. ACTH caused 
a decrease in coagulation times even to sub- 
normal levels. No alterations were detected in 
plasma prothrombin, fibrinogen, antithrombin 
or blood platelets which could account for the 
increased coagulability of the blood. The plasma 
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antithrombin levels were found to be subnormal 
in cirrhosis. 


METHODS AND MATERIAL 


Fourteen patients with various forms of 
hepatic cirrhosis were treated with ACTH. 
Seven of these were given a course of therapy 
consisting of 60 to 100 mg. a day for at least a 
week or until complications arose suggesting 
portal vein thromboses (three patients). The 
remaining seven patients were given a short 
course of therapy, usually of two days’ duration. 
The clinical evidence of hypercoagulability 
of the blood following ACTH therapy is sum- 
marized under Case Reports 

Plasma prothrombin times were measured by 
means of a modification of Quick’s one-stage 
method using rabbit lung thromboplastin pre- 
pared in this laboratory. Levels of plasma 
prothrombin were estimated in the conventional 
way by reference to a control curve of pro- 
thrombin times of serially diluted normal 
plasma. The control was run with each group 
of determinations and the same subject served 
as the normal control throughout these experi- 
ments. Since most of the patients studied had 
markedly reduced levels of prothrombin, the 
1:8 diluted prothrombin times were too pro- 
longed and variable to be of any value in this 
study. Fibrinogen was determined from recalci- 
fied oxalated plasma by means of acid digestion 
and nesslerization. Platelets were counted on 
stained, thin blood smears on cover slips with 
reference to the erythrocyte count, at least fifty 
oil immersion fields being examined. Coagula- 
tion times were measured by means of the 
conventional Lee-White three-tube method 
slightly modified to retard coagulation so that 
subnormal values could be directly detected. 


* From the Hospital of The Rockefeller Institute for Medical Research, New York, N. Y. 


jury, 1952 


27 


28 Hypercoagulability of Blood after ACTH in Cirrhosis—Eisenmenger et al. 


The modifications consisted only in using uni- 
form tubes of slightly larger diameter (12 mm. 
inside diameter) and in tilting the tubes less 
frequently. Thus the first tube was carefully 
tilted at five-minute intervals until finally the 
clot could support the blood in the inverted 
tube. The second and third tubes then were 
tested at three- and two-minute intervals, re- 
spectively. All of the other usual precautions 
were observed in drawing and delivering the 
blood and in having all glassware chemically 
cleaned. Since the blood coagulation time was 
being determined in non-coated glass tubes, the 
syringes and needles likewise were not coated 
with silicone or oil. By using this method the 
normal coagulation times determined at 22° to 
24°c. ranged from thirty to forty-eight minutes. 

Plasma antithrombin activity was determined 
by a modification of the method of Quick.* A 
standard solution of thrombin* was prepared 
of such activity that when serially diluted with 
saline and tested on oxalated normal plasma, 
the range of coagulation times approximated 
that suggested by Quick. Thus one lot of 
powdered thrombin dissolved to contain 100 NIH 
units per cc. was serially diluted and 0.1 cc. of 
each dilution was added to 0.2 cc. of oxalated 
normal plasma and the following coagulation 
times were found. 


Diluti thrombin 

strength |2 5% | 10 |20x | 40x |100 x | 200% 
Coagulation 

time (sec.)........ 4 6/10; 18 | 35 | 62 | 118 | 270 


These values indicated that this solution of 
thrombin had the proper activity for use as a 
standard solution. The same lot of powdered 
thrombin stored in the refrigerator was used 
throughout each series of tests, being freshly 
prepared before each test. The standard solu- 
tions prepared and tested in this manner had 
very similar activity from day to day and thus 
were satisfactory for detecting any changes in 
plasma antithrombin activity caused by ACTH. 
Following the establishment of an appropriate 
standard solution of thrombin the antithrombin 
activity of plasma was determined. The oxalated 
plasma to be tested was defibrinated by adding 
0.1 cc. of the standard solution of thrombin to 
2.5 cc. of oxalated plasma. The clot was removed 

* Topical thrombin, commercially available from 
Parke, Davis and Company, Detroit, Mich. 


and the defibrinated plasma was then tested for 
its ability to inactivate thrombin. After 0.8 cc. 
of the standard solution of thrombin was added 
to 0.4 cc. of defibrinated plasma the solution was 
incubated at 37°c. At intervals of one, three, 
five, ten, fifteen, twenty, twenty-five and thirty 
minutes 0.1 cc. of the thrombin defibrinated 
plasma solution was removed and added to 
0.2 cc. of normal oxalated plasma, and the 
coagulation time was measured. The coagulation 
time indicated the relative amount of thrombin 
remaining in the incubated solution and in- 
versely the antithrombin activity of the defibrin- 
ated plasma tested. 


CASE REPORTS 


Case 1. V. V., patient 3, was a sixty-four 
year old male who had typical advanced 
Laennec’s cirrhosis with ascites. For six days 
100 mg. of ACTH was administered daily. On 
the fifth day the patient had pain, redness and 
tenderness localized over the left femoral canal. 
This was considered to be due to a venous throm- 
bosis although the development of thrombo- 
sis in such a patient having a prothrombin level 
of 32 per cent of normal was very unusual. On 
the next day the signs in the femoral area had 
subsided but the patient had a fever and a deep 
diffuse abdominal aching‘ pain and tenderness. 
The ascitic fluid became bloody and determina- 
tions of hemoglobin indicated an intraperitoneal 
hemorrhage of approximately 300 cc. Ad- 
ministration of ACTH was discontinued. In 
several days the abdominal signs disappeared. 
The patient showed no other clinical effects of 
ACTH therapy. Salt retention, being constantly 
maximal in this patient, showed no change. 
Ascites continued to form in direct proportion 
to the amount of ingested sodium. Ascitic fluid 
remained free from infection. 

Three weeks after this episode the patient had 
severe esophageal hemorrhages and died. At 
autopsy the portal vein and some of the mesen- 
teric radicles were found to be completely 
thrombosed. The thrombosis was of recent 
origin and seemed to have occurred concur- 
rently with the administration of ACTH. 

Case 1. M. H., a woman aged forty-six 
years, had primary biliary cirrhosis and xantho- 
matosis for six years. She never had ascites. She 
received 100 mg. of ACTH daily for three days 
when suddenly fever and diffuse abdominal 
pain and tenderness developed. On the following 
day ascitic fluid, which had never been present 
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previously, was detected and found to be grossly 
bloody. The estimated blood loss was replaced 
by transfusion. In the following week the ab- 
dominal pain and tenderness subsided and 
there was no further evidence of intrapcritoneal 
hemorrhage. However, ascites continued to 


months which occurred spontaneously or with 
slight trauma. Within twelve hours of the first 
dose of ACTH the gums stopped bleeding. On 
the fourth day of treatment a diffuse deep ab- 
dominal aching and generalized abdominal 
tenderness suddenly developed, and the blood 


TABLE I 
LEVELS OF PLASMA PROTHROMBIN AS PER CENT OF NORMAL IN PATIENTS WITH CIRRHOSIS, 
BEFORE AND DURING ADMINISTRATION OF ACTH 


Patient 
1 27 | 36 
2 46 
3 31 | 36 34 32 
4 | 4] 36 |} 43 | 42 55 
28 25 
6 24 
7 | 30] 20 | 38 | 35 27 33 
ge 52 54 
9 40 | 34 || 32 47 40 
10 55 60 
118 37 | 42 | so 37 | 42 35 
ize | | co || 61 | 60 
Control values fats 6 
before ACTH Days of ACTH therapy completed 


* Patients showed increased coagulability of blood as a result of ACTH therapy. 


accumulate and at a maximal rate, exactly pro- 
portional to the sodium ingested. This state 
persisted for two months, the ascites being con- 
trolled only by rigid restriction of sodium. Then 
a spontaneous diuresis occurred and the ascites 
was absorbed. 

It is not clear whether ACTH caused a portal 
thrombosis or an intra-abdominal hemorrhage 
due to a distended portal bed secondary to 
retention of salt and water. However, the 
appearance of ascites for the first time and its 
persistent accumulation at a maximal rate for 
over two months after discontinuation of ACTH 
support the likelihood of a portal thrombosis. 

Case 11. D. M., patient 5, was a nineteen 
year old girl who had an undetermined form of 
advanced cirrhosis associated with certain mani- 
festations suggesting Cushing’s syndrome. *:® 

The prothrombin was 28 per cent of normal. 
There was gingival bleeding daily for many 
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coagulation time of seventy minutes dropped to 
eight minutes which is far below the lower level 
of normal of thirty minutes as determined by 
the method used. Because of the possibility of 
portal thrombosis ACTH was discontinued and 
heparin therapy was begun. The abdominal 
pain and tenderness subsided and disappeared 
after several days. No ascites developed. It was 
of interest that bleeding from the gums did not 
occur again until six weeks later, despite a 
return of the coagulation time to former levels 
immediately after cessation of therapy. 
Comments. The aforementioned three cases 
indicate that ACTH has some effect in enhanc- 
ing blood coagulation. One of the patients 
reported on herein gave evidence at autopsy 
that ACTH caused portal vein thrombosis and 
the other two patients presented a clinical 
picture suggesting the same complication. Inter- 
mittent gingival bleeding was refractory to the 
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usual therapy in one of the cases reported 
(Case 11) and in three other patients, and in 
each of these four cases the bleeding promptly 
ceased following administration of ACTH. 


RESULTS 


Plasma Prothrombin. Levels of plasma pro- 
thrombin were detected in twelve patients with 


portal thromboses (patients 3 and 5), a pro- 
nounced decrease in coagulation time (patients 
5, 7 and 11) or a prompt cessation of refractory 
bleeding from the gums (patients 5, 7, 8 and 12). 

Plasma Fibrinogen. Plasma fibrinogen was 
determined in the course of ACTH therapy of 
six patients with cirrhosis. (Table m.) Four of 
these six patients showed evidence of increased 


TABLE ll 
PLASMA FIBRINOGEN BEFORE AND DURING ACTH THERAPY | 


Patient No. | Before Treatment | During Treatment | 
| 3e 232 mg. % 248 mg. % 
4 343 oe 347 oe oe 

312 oe oe 

7% 218 153 8688 
209 oe oe 170 oe oo 
160 oe oo 
9 °° 220" 
11% 184 | oo 157 
12¢ §83 oo 8688 §97 oe 
490 oe oe 


* Patients showed increased coagulability of blood. 


TABLE 
COAGULATION TIME INDEX 
COAGULATION TIME OF PATIENT DIVIDED BY COAGULATION TIME OF CONTROL 


Patient 
4 1,3 1.5 1.4 1.3 
5 1.8 0.2% 
7 2.8 1.9 2.3 1.0* 0.4% 
11 1.3 1.1 1.6 1.5 0.25% 
12 1.3 1.6 1.3 1.4 1.3 
Days before 3 2 1 1 2 
and after 
onset of ACTH Control values | ACTH 
* Heparin therapy given. 


cirrhosis, both before and during administration 
of ACTH. (Table 1.) In no instance was there 
evidence of any effect produced by ACTH. 
Furthermore, evidences of hypercoagulability 
of the blood attributed to ACTH therapy oc- 
curred in the presence of marked deficiencies of 
plasma prothrombin. (Table 1, patients 3, 5, 7, 8, 
11 and 12.) This includes patients who as a 
result of ACTH therapy developed probable 


coagulability of the blood due to ACTH 
therapy. Changes in plasma fibrinogen were 
inconstant and did not correlate with the altera- 
tions in coagulation time. 

Coagulation Time. The effect of ACTH on 
the coagulation time was determined in five 
patients with advanced cirrhosis. (Table 11.) 
The pretreatment values in these patients were 
generally prolonged but following therapy in 
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Fic. 1. Patient 7. Effect of ACTH on coagulation time. Ten hours after onset of 
therapy coagulation time reduced to normal (X). On first and third days there- 
after (Y and Z) delay in administration of heparin resulted in subnormal coagu- 
lation times; no effect noted on platelets. 


100 
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Fic. 2. Patient 11. Effect of ACTH on coagulation time, causing fall in coagula- 
tion time to markedly subnormal levels. Rise in platelet count too late to account 
for accelerated coagulation. 
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three patients there was a pronounced decrease 
in coagulation times to markedly subnormal 
levels (patients 5, 7 and 11). One of the other 
two patients (patient 12), despite no change in 
the coagulation time, showed prompt cessation 
of chronic gingival bleeding. 


T 


Coagulation time (sec.) 


| | 
5b 
Time of incubation (min) 

Fic. 3. Patient 11, method of determining plasma 

antithrombin activity. Ordinate indicates coagula- 

tion time of normal oxalated plasma to which is 
added the thrombin, defibrinated plasma mixture 
which has been incubated for varying time intervals. 

Abscissa indicates time of incubation of thrombin, 

defibrinated plasma mixture. After thirty minutes of 

incubation the patient’s plasma inactivated the 
same amount of thrombin which was inactivated 
by the normal control in twelve minutes. The 
estimate of antithrombin activity is 

12 minutes 

30 minutes xX 100 = 40%. 

The effects of ACTH on blood coagulation 
time in patients 7 and 11 are illustrated in 
Figures 1 and 2, respectively. Patient 7 (Fig. 1) 
had a prolonged coagulation time until ten 
hours after the onset of ACTH therapy when the 
coagulation time was found to be normal. Be- 
cause of this sudden fall in coagulation time 
heparin was administered intermittently in 
doses of fifteen mg. subcutaneously every six 
hours, relatively small doses of heparin having 
been found to be effective in the presence of 
cirrhosis. One day later a dose of heparin was 
postponed and at a period nine hours after the 


previous injection of heparin the coagulation 
time was found to have fallen far below the 
normal range. (Fig. 1.) Two days later a similar 
delay in administration of heparin had the same 
effect. A similar effect on coagulation time was 
noted in patient 11. (Fig. 2.) One day after the 
onset of ACTH therapy the coagulation time 
fell to markedly subnormal levels. This patient 
was then treated with constant intravenous in- 
fusion of heparin at the rate of approximately 
4 mg. per hour and satisfactory coagulation 
times were maintained. 

Platelets. The relationship of platelet and 
leukocyte counts to ACTH therapy and blood 
coagulability is shown in Figures 1 and 2. Both 
patients had splenomegaly and normal bleeding 
times. Patient 7 (Fig. 1) had a low platelet count 
initially and it remained unaltered by treatment 
with ACTH during periods of large fluctuations 
in the coagulation time. Patient 11 (Fig. 2), on 
the other hand, showed a rise in the platelet 
count from moderately low levels to normal 
values. However, the fall in the coagulation 
time occurred before any significant increase 
was noted in the platelet count. The leukocyte 
count rose in both cases. 

Plasma Antithrombin Activity. The antithrom- 
bin activity of plasma of a typical patient with 
advanced cirrhosis is illustrated in Figure 3. 
There it is seen that after thirty minutes of 
incubation of the patient’s defibrinated plasma 
with a standard amount of thrombin the 
thrombin that was inactivated was equivalent 
to that inactivated by normal defibrinated 
plasma in twelve minutes. Hence the patient’s 
antithrombin activity of the plasma is arbitrarily 

; 12 minutes 
estimated at ar aed X 100 = 40 per cent of 
normal. Plasma antithrombin activity was 
found to be considerably reduced in most cases 
of advanced cirrhosis of various types. (Table rv.) 

The possibility that the hypercoagulability of 
the blood noted after ACTH therapy could be 
associated with altered antithrombin activity 
was tested and the results are indicated in 
Figure 4. No change in antithrombin activity 
was noted following ACTH therapy in four 
patients with cirrhosis, in two of whom (patients 
7 and 11) marked changes in coagulation time 
had occurred during this test period. 


OBSERVATIONS 


The complexity of the blood clotting mecha- 
nism is emphasized by the results reported, 
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which showed that blood of cirrhotic patients 
can become hypercoagulable as a result of 
therapy with ACTH without any detectable 
change in the major components of coagulation. 
Blood hypercoagulability occurred despite per- 
sistent deficiencies in certain of the blood 


eretal. 33 


hypercoagulability remain obscure. Plasma 
levels of prothrombin and fibrinogen were not 
increased by therapy with ACTH. Hyper- 
splenism, often present in association with 
cirrhosis, could account for the reduced platelets 
frequently found in such patients. ACTH has 


TABLE IV 
ANTITHROMBIN ACTIVITY OF PLASMA OF PATIENTS WITH VARIOUS FORMS OF LIVER DISEASE 


Diagnosis 


A.S Metastatic Cancer 

of liver 100 
R. P. Primary Biliary 

Cirrhosis 100, 100, 100 
Cc. G. Coarse nodular 

cirrhosis of un- 

determined etiology 40, 33, 33 
D. M. sn 33, 30, 33 
J. G. ” 17, 17, 20, 16, 17, 17 
R. P Laennecs Cirrhosis 43, 59, 50, 48 
A. T. 23 
J. A. Post hepatitis 

cirrhosis 40 


clotting factors which are characteristic of 
patients with advanced cirrhosis and which are 
often associated with the hemorrhagic tendency 
of these patients. | 

The factors concerned in causing blood 


been effective in the therapy of hypersplenism 
and its hemorrhagic manifestations.’ If the 
platelet count can be used as an index of splenic 
activity it would appear that in the reported 
cases the effect of ACTH therapy on blood 
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Fic. 4. Effect of ACTH on plasma antithrombin activity in four patients 
with cirrhosis. Patients 7 and 11 had marked changes in coagulation 


time. (Figs. 1 and 2.) 
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clotting was not mediated through a reduction 
in the degree of hypersplenism. It has been sug- 
gested that alterations in plasma antithrombin 
activity may account for some hypercoagulable 
states.* ACTH therapy caused no change in 
plasma antithrombin activity indicating that 
the rate of inactivation of preformed thrombin 
was not affected. The subnormal rate of in- 
activation of thrombin which was found in most 
of our patients with cirrhosis might result in 
hypercoagulability of the blood following ACTH 
therapy beyond that found in patients with 
normal plasma antithrombin, provided that 
such therapy could cause an increased produc- 
tion of thrombin by increased thromboplastic 
activity. Cosgriff, however, by determinations 
of prothrombin consumption found no evidence 
of increased thromboplastic activity following 
ACTH therapy in one case.* Thus these results 
in addition to those reported previously!’ 
leave unexplained the mechanism of blood 
hypercoagulability found in patients with cir- 
rhosis treated with ACTH. 

Due to the production of accelerated blood 
clotting precautions might well be taken in the 
course of therapy with ACTH. Cosgriff recom- 
mends the use of anticoagulant therapy. The 
present results showed that in vivo and in vitro 
blood hypercoagulability occurred despite levels 
of plasma prothrombin approximating 30 per 
cent of normal. This degree of prothrombin 
deficiency is considered to be in the therapeutic 
range in patients receiving anticoagulant therapy 
with dicumarol. From these results the effective- 
ness of dicumarol as an anticoagulant to be used 
prophylactically in the course of ACTH therapy 
might be questioned. In the patients studied, 
heparin therapy promptly controlled the hyper- 
coagulable state. 

There have been some favorable reports on 
the therapeutic effectiveness of ACTH in acute 
and chronic hepatitis.*:!® In cirrhosis, however, 
no significant beneficial effects have been 
reported. The present results suggest that ACTH 
may represent a distinct hazard to patients with 
cirrhosis probably because of the association of 
the relatively stagnant portal blood in cirrhosis 
and the blood hypercoagulability following 
ACTH therapy. Administration of ACTH in 
the presence of cirrhosis may, however, be 
indicated to help control serious gingival bleed- 
ing, provided that careful anticoagulant therapy 
with heparin is readily available. 


SUMMARY 


ACTH therapy caused probable portal throm- 
boses in three patients with cirrhosis of the liver. 
ACTH also caused cessation of gingival bleeding 
in four patients with cirrhosis and a reduction 
of coagulation times to subnormal levels in 
three patients. 

Following ACTH therapy, blood hyper- 
coagulability developed in certain patients 
despite deficiencies in plasma _ prothrombin, 
fibrinogen and platelets. ACTH therapy caused 
no effect on these clotting components which 
could account for the increased clotting tendency. 

Plasma antithrombin activity was found to 
be subnormal in six of seven patients with 
advanced hepatic cirrhosis and showed no 
change during ACTH therapy. 
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Chronic Hypoplastic Neutropenia’ 


THEODORE H. SPAET, M.D. f and WILLIAM DAMESHEK, M.D. 
Boston, Massachusetts 


normal leukocyte count varies between 

5,000 and 10,000 cells per cubic milli- 

meter of blood, and the normal neutrophil 

level is between 3,000 and 7,000. Values of 

neutrophils below these figures may be said to 

represent the neutropenic state. This may be 

either acute or chronic; one form of the latter 

condition which appears to be based upon 

selective hypoplasia of bone marrow granulo- 
cytes is the subject of the present report. 

The various factors clearly related etiologically 
to chronic neutropenia have been well described 
and classified.‘~* Thus neutropenia may result 
from a diminished production of granulocytes 
in the bone marrow, as seen in certain nutri- 
tional deficiencies, aplastic anemia and in con- 
ditions in which the bone marrow is replaced 
by abnormal tissue. Reduction in blood granu- 
locytes may also result from a failure of these 
cells to cross the barrier between the marrow 
sinuses and the peripheral blood despite normal 
or even. increased production in situ. Such a 
phenomenon of “blocked delivery” is evident 
in the aleukemic or subleukemic forms of 
granulocytic leukemia and probably represents 
the process operative in splenic neutropenia. 
Increased peripheral destruction or sequestra- 
tion of granulocytes represents a third possible 
means by which chronic neutropenia may arise, 
and it has been postulated by some authors that 
the splenic form of the disease falls into this 
category. In certain other conditions with 
chronic neutropenia the mechanism is at the 
moment quite obscure. Under this heading may 
be noted such diverse disorders as disseminated 
lupus erythematosus, thyrotoxicosis and brucel- 
losis. A special type of neutropenia is the cyclic 
form characterized by periodic episodes of 
neutropenia at more or less fixed intervals. 
Another rare form is that described in the 
present report which deals with chronic neu- 
tropenia, non-splenic, non-cyclic, completely 


obscure as to etiology and apparently due to 
specific hypoplasia of the marrow granulocytes. 

This condition, which we call chronic hypo- 
plastic neutropenia, has evidently received little 
attention in the literature. Hattersly* described 
a case of chronic neutropenia without primary 
disease of the marrow and in which the neu- 
tropenia was unaffected by splenectomy. Adams 
and Witts® reported five similar cases, one of 
which was splenectomized without benefit; the 
remaining four cases showed none of the stigmas 
of hypersplenism or of other known etiologic 
factors responsible for neutropenia. It is the 
purpose of the present report to add four more 
cases of chronic neutropenia which were ap- 
parently primary disorders of granulocyte 
production. 


CASE REPORTS 


Case 1. (New England Center Hospital 
No. 51-424.) S. P., a seventeen year old white 
girl, was admitted to the hospital on July 5, 
1950, complaining of a non-healing sore of the 
left leg. ft 

She had been well until the age of seven, at 
which time she began to have recurrent furuncles 
which tended to heal extremely slowly. These 
lesions persisted until two years prior to her 
admission. In 1943 osteomyelitis of the maxilla 
developed, and in 1944 an abscess of the mouth. 
Both these lesions continued to flare up periodi- 
cally since then and did not heal completely 
despite extraction of all teeth in 1947 and the 
extensive use of antibiotics. Episodes of these 
and other infections were always accompanied 
with high fever, often over 105°F. In April, 


t The patient was referred through the suggestion of 
Dr. John Suess of Pittsburgh by the Social Service 
Department of the Montefiore Hospital in Pittsburgh. 
We are indebted to the authorities of that hospital for 
providing us with their voluminous records of this 
patient. 


* From the Ziskind Laboratories (Hematology Section) of the J. H. Pratt and New England Center Hospital 
and the Department of Medicine, Tufts College Medical School, Boston, Mass. Supported by grants from the American 


Cancer Society. 
t Damon Runyon Clinical Research Fellow. 
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1947, the patient was admitted to the Monte- 
fiore Hospital of Pittsburgh with an episode of 
tight upper lobe pneumonia. This improved 
gradually by lysis over a two-week period with 
the use of penicillin; no tubercle bacilli were 
found in the sputum. 

Slight splenomegaly and neutropenia were 
first noted in 1945. By 1947 the spleen had 
become distinctly palpable and the diagnosis of 
splenic neutropenia was made. At the sugges- 
tion of one of us (W. D.) splenectomy was per- 
formed on May 10, 1947. The spleen weighed 
850 gm. and was described as having a tense 
capsule and being firm on section. Grossly it was 
purplish red in color, with prominent trabecu- 
lae and ill defined malpighian bodies. Micro- 
scopically the malpighian bodies were com- 
pletely disrupted. The pulp was replaced by 
reticulum cells and large histiocytes, and some 
of the cells contained blood pigment. Most of 
the sinusoids were empty, the trabeculae were 
increased in size and the capsule was thickened. 
It was believed that the findings were those of 
reticulum cell hyperplasia. 

Following splenectomy there was no signifi- 
cant alteration of the white blood cells. In 
November, 1947, a “granulomatous” lesion of 
the tongue developed which on biopsy proved 
to be composed of non-specific granulation tis- 
sue. In the latter part of 1948 a mosquito bite 
of the left shin became secondarily infected and 
progressed into a large ulcerative lesion which 
resisted all therapeutic efforts. The patient’s 
growth and development had ceased in 1945 
when she was twelve years of age. In December, 
1948, it was noted that there was cyanosis and 
clubbing of the fingers; two weeks later the 
patient had an attack of pneumonitis of the 
right lung bases which responded readily to 
penicillin. In the next year and a half the 
patient was given repeated blood transfusions 
as supportive therapy and in an attempt to 
raise her persistently low granulocyte count. 
In the year prior to her current admission pain- 
less contraction deformities of both knees had 
developed “‘incident to inactivity.” The patient 
was admitted to the New England Center 
Hospital in 1950 for further evaluation. 

The past history was non-contributory. Prior 
to the age of seven the patient had been a 
“normal, healthy child” having had only 
chicken pox, measles and mumps. Eight months 
prior to her present admission there was a 
single episode of vaginal bleeding but otherwise 


no evident development of secondary sexual 
characteristics had been observed. 

Physical examination revealed an emaciated, 
chronically ill and deeply cyanotic young 
woman who had the general appearance of a 
twelve year old child. The skin showed numer- 
ous scars over the arms, legs and trunk, evi- 
dently representing healed furuncles. On the 
left shin there was an ovoid, superficial ulcera- 
tion measuring 10 cm. in its greatest diameter 
and draining purulent material. There were 
contraction deformities in both knees without 
evidence of active joint inflammation. The 
head showed a swelling of the right maxillary 
region. There was marked congestion of the 
conjunctival vessels with cyanosis which was 
seen to involve the retinal vessels as well, and 
was accompanied by moderate papilledema. 
The gums were edentulous. Generalized lym- 
phadenopathy involved the cervical, axillary 
and inguinal nodes. The peripheral lymph 
nodes were firm, non-tender, freely movable 
and measured up to }4 cm. in diameter. The 
heart and lungs were within normal limits. All 
evidence of sexual development was lacking, 
including absence of mammary glandular 
tissue, and axillary and pubic hair. The geni- 
talia were prepubertal in type. The abdomen 
showed a left upper quadrant scar from the 
previous splenectomy. The liver was palpated 
at the level of the umbilicus. Marked clubbing 
of the fingers and toes was present. 

Hematologic data are summarized in Table 1. 
The outstanding feature was the presence of an 
extreme degree of neutropenia although the 
total leukocyte count was itself normal. The 
bone marrow showed erythroid hyperplasia and 
a striking paucity of granulocytic elements. The 
urine contained a faint trace of albumin and a 
few finely and coarsely granular casts; the 
specific gravity on casual specimen was 1.021. 
Stools were negative for occult blood. Blood 
non-protein nitrogen was 38 mg. per cent and 
fasting blood sugar 99 mg. per cent. Serum 
cholesterol was 110 mg. per cent, thymol 
turbidity 4.6 units, cephalin flocculation test 
3 plus, prothrombin time was 12 seconds 
(100 per cent) and 20 per cent of bromsulfalein 
was retained in the blood after forty-five 
minutes. Electrocardiogram revealed no ab- 
normality and the blood hemodynamics were 
within normal limits. Vital capacity was 2.2 L. 
(75 per cent of calculated anticipated normal). 
The blood was negative for methemoglobin and 
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sulfhemoglobin. Culture of the leg lesion showed 
a proteus, bacillus, not further identified. The 
arterial oxygen capacity was 22.8 volumes per 
cent, with an arterial oxygen of 12.2 volumes 
per cent or 58 per cent saturation. When pure 
oxygen was administered by closed system, the 


The following autopsy findings are abstracted 
from the record kindly supplied by the Pathol- 
ogy Department of that hospital. The lungs 
were grossly congested and the left base was the 
site of recent infarction. Additional findings 


microscopically were the presence of alveolar 


TABLE | 
HEMATOLOGIC DATA OF CASE I 
Granulocytes 
White Blood Lymphocytes | Monocytes 
Year Hemoglobin Platelets Cell ( on es (Per cent) | (Per cent) 
Count) | cent) 
1945 54-68% 102,000 | 4,800—5,750 0-315 | 0-7 79-95 0-10 
1947 9-15 gm. 80,000-186,000 | 2,500-21,450 0-2,700 | 0-50 69,100 0-8 
(Splenectomy) 
1948 11.5-14 gm. 400,000 | 11,400-17,800 | 130-2,100 | 1-12 70-92 0-16 
1949 12-17 gm. 9,200—18,440 0-1,360 | 0-10 87-100 0-3 
1950 14-18 .3 gm. | 142,000-394,000 | 5,200—16,900 0-1,880 | 0-22 70-100 0-20 


Bone marrow aspiration July 6, 1950. The cellularity was increased but there was a marked paucity of granulocytic 
elements with erythroid and lymphocytic cells predominating. The megakaryocytes were normal. The following differ- 


ential count (percentage) was obtained: 


Myeloblasts............ 0.5 
Promeylocytes.......... 0.8 
Myelocytes............ 4.0 
Metamyelocytes........ 2.0 
Segmented forms. ...... 2.8 
Eosinophilic myelocytes.. 0.7 


arterial oxygen content rose rapidly to normal 
levels. This was consistent with a diagnosis of 
pulmonary insufficiency. X-ray examination of 
the chest showed slight hilar congestion but the 
heart was normal on films and fluoroscopy. 
X-ray examination of the hands showed no 
bony lesions but revealed soft tissue swelling at 
the terminal phalanges. 

The patient’s course in the hospital was 
characterized by the onset of spiking fever eight 
days after admission, associated with pain in the 
right ear. Physical examination revealed the 
presence of acute right otitis media which was 
brought under control by penicillin therapy. 
Local application of antibiotics to the leg ulcer 
appeared to cause some regression of this lesion; 
at the time of discharge, eleven days after 
admission, the cyanosis appeared to be some- 
what diminished. | 

Five months following discharge the patient 
died at the Montefiore Hospital in Pittsburgh. 
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thickening, arteriolar sclerosis and numerous 
heart failure cells. The heart was dilated but 
was free from any congenital abnormality or 
valvular lesion. The liver weighed 1,560 gm. 
and appeared to be grossly congested; micro- 
scopically, congestive changes were seen; in 
addition there were areas of focal necrosis and 
lymphocytic infiltration between the portal 
triads and lobules. A small accessory spleen 
was found which measured 3 cm. in diameter 
and microscopically showed proliferation of the 
reticulum cells, engorged sinusoids but well 
preserved follicles. The internal genitalia were 
infantile in type. The bone marrow was mark- 
edly hyperplastic but this hyperplasia was 
confined to the erythroid precursors, granulo- 
cytic elements being present in greatly reduced 
numbers. 

Comment. This patient was known to have 
had neutropenia for at least five years but her 
symptoms indicated that this abnormality had 


Lymphocytes................. 10.7 
Reticulum cells............... 0.5 
Plasma cells.................. 6.0 
Pronormoblasts............... 2.0 
Normoblasts A................ 15.5 
Normoblasts B................ 41.5 
Eosinophils (segmented). 1 .2 Normoblasts C................ 8.7 


1A 
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1B 


Fic. 1. The bone marrow pattern of chronic hypoplastic neutropenia compared with that of hypersplenism. A, prepa- 
ration from Case 1 (S. P.) showing the almost complete absence of granulocyte precursors and the presence of normal 
numbers of normoblasts together with increased lymphocytes. B, specimen obtained from a case of splenic neutropenia 
showing granulocytic hyperplasia and possible maturation arrest at the myelocyte level. The normal myeloid-erythroid 
ratio is 2:1 to 4:1 by our methods. The range in the present series was 1:1 to 1:4; the ratio in splenic neutropenia is 


usually greater than 5:1. 


probably been present for at least ten years. 
She had been subject to numerous infections 
involving the skin, the mouth and throat, the 
ears, paranasal sinuses and lungs. These had 
been repeated, severe and prolonged. Her 
sexual infantilism and lack of growth may have 
resulted from the chronic state of malnutrition 
secondary to the numerous infectious processes 
and perhaps mediated through the pituitary 
gland. The cyanosis, clubbing of the fingers 
and erythrocytosis evidently were due to an 
interstitial and arterial disturbance of the 
pulmonary tree secondary to the repeated 
pulmonary infections (Ayerza syndrome). Be- 
cause of splenomegaly associated with chronic 
neutropenia, mild anemia and occasional throm- 
bocytopenia, the diagnosis of splenic neutro- 
penia was originally made but splenectomy 
failed to alter the granulocyte level. 

Despite the finding of a small accessory spleen 
at autopsy this case evidently was not hyper- 
splenic in origin. The lack of any leukocytic 
response following splenectomy and the specific 
granulocytic hypoplasia of the marrow were 
strongly against such a diagnosis. (Fig. 1.) 

CasE 11. (New England Center Hospital 
No. 44-205.) T. L. D., a sixty-seven year old 
white man, was first admitted to the hospital 
on September 28, 1949, complaining of rectal 
pain. Thirteen months prior to admission he 
had noted ulcerations of the gums and buccal 
mucosa. These responded slowly to penicillin 
but then recurred and persisted intermittently 


up to the time of admission. In February, 1949, 
the patient had chills and a fever of 104°r. A 
course of penicillin therapy was again ad- 
ministered, with temporary remission of symp- 
toms. On August 19th left otitis media occurred, 
responding to irrigation and drainage; a few 
days later rectal pain and tenderness recurred, 
followed later with the development of some 
difficulty in sphincteric control. Past history 
and family history were not contributory except 
that the father was said to have died from 
‘chemical poisoning”’ after working in a match 
factory where he had been exposed to sulfur. 

Physical examination revealed a well de- 
veloped, well nourished, elderly white man 
who showed some evidence of recent weight 
loss. The right pupil was somewhat irregular 
but reacted well to light and accommodation; 
arcus senilis was present. The fundi showed 
mild arteriosclerotic changes. The mouth was 
edentulous but no ulcerations were visible. 
There was a grade 1 apical systolic cardiac 
murmur but the heart was otherwise normal 
on examination. The liver was palpable 2 
fingerbreadths below the costal margin and 
the tip of the spleen was just felt with deep in- 
spiration. Rectal examination revealed a large, 
purulent fistula and a somewhat enlarged 
prostate gland. The joints of the knees and 
fingers showed atrophic changes. 

Hematologic findings revealed an extreme 
degree of neutropenia and bone marrow defi- 
cient in granulocytic elements (Table 1 details 
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the pertinent data). Other laboratory results 
included a fasting blood sugar of 95 mg. per 
cent, negative urines, negative blood cultures 
and serologic tests for syphilis, and an erythro- 
cyte sedimentation rate of 17 mm. in one hour 
(Westergren). X-ray of the chest and a flat 
film of the abdomen revealed no abnormalities. 


surface were several small, shaggy, greyish red 
adhesions, and a mottled orange trabecular 
pattern discolored all surfaces. The spleen was 
firm to section, showing a thickened capsule, 
but there was no gross evidence of hyperplasia. 
Microscopically the capsule was the site of 
healed perisplenitis, the lymphoid _ follicles 


TABLE Il 
HEMATOLOGIC DATA OF CASE II 
Granulocytes 
. Hemoglobin White Blood Lymphocytes | Monocytes 
Period Platelets 
(gm.) Cells (Absolute | (Per (Per cent) (Per cent) 
Count) | cent) 
Presplenectomy.. .. . . 9.8-14.1 |330,000-674,000; 800-4,500 | 0-2,700 | 0-70 19-80 7-32 
(9/28 /49-11/11/49) 
Postsplenectomy... . . 12.5-16.3 | 617,000-—837,000| 1,100—2,000 | 0-700 0-64 22-72 0-54 
(11/12/49-11 /18/49) 


Bone marrow aspiration September 28, 1949. There were areas of increased cellularity as well as other areas of decreased 
cellularity. The megakaryocytes were increased and 80% of the cells consisted of unidentified nuclei. The following 


difterential count (percentage) was obtained: 


Penicillin therapy was administered and on 
October 1st the rectal fistula was removed; the 
postoperative course was uneventful. The pa- 
tient was readmitted October 21, 1949, for 
further study. Laboratory studies at that time 
showed a blood non-protein nitrogen of 25 mg. 
per cent, total plasma proteins 6.5 gm. per cent 
with 4 gm. of albumin and 2.5 gm. of globulin, 
cephalin flocculation test 1+, thymol turbidity 
test 3.4 units and a bromsulfalein excretion test 
showing a retention of 6 per cent after thirty 
minutes but no retention after an hour. 

The patient was readmitted November 7th. 
Because of persistent leukopenia and a just 
palpable spleen the diagnosis of splenic neu- 
tropenia was considered; and although this 
seemed unlikely in view of the marrow findings, 
splenectomy was performed November 11th. 
The postoperative course was uneventful despite 
the persistently low white and neutrophil count. 

The splenic pathology was reported as 
follows: The gross weight was 202 gm. On the 
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20.0 
Reticulum cells............... 1.8 
Pronormoblasts............... 0.6 
Normoblasts A................ 4.4 
Normoblasts B................ 18.4 
Normoblasts C................ 17.0 


showed a complete lack of germinal centers 
despite their normal size, the vessels were some- 
what sclerotic and there was an excessive — 
amount of hemosiderin within the capsule. 
There was no evidence of increased phagocytosis. 

The patient was still alive and fairly well 
July 1, 1951, although the white cell count 
remained unaltered. 

Comment. This patient had symptoms at- 
tributable to neutropenia for over a_ year, 
including repeated infections at different sites 
and recurrent ulcerations of the mouth. A 
palpable spleen suggested the diagnosis of 
splenic neutropenia despite the lack of granulo- 
cytic hyperplasia in the bone marrow. Splenec- 
tomy was performed but failed to cause any 
change in the neutropenia and the blood 
picture remained at preoperative levels during 
the subsequent two years. 

Case m1. (New England Center Hospital 
No. 390-904.) I. T., a sixty-three year old white 
woman, was admitted April 27, 1949, com- 


4 


plaining of intermittent fever of one year’s 
duration. She first became ill in 1913 when she 
had generalized psoriasis which responded to 
treatment over a period of several months. In 
1923 she had had a severe illness, said to be 
influenza, which was followed with frequent 
colds, sinus infections and recurrent furunculosis. 


Chronic Hypoplastic Neutropenia—Spaet, Dameshek 


with urination occurred. Shortly thereafter 
furunculosis reappeared, continuing until the 
time of admission. Urine examination at that 
time was negative; however, when streptomycin 
was given, symptoms gradually regressed. Early 
in April hemorrhoids became evident and about 
the same time the patient began to have painful 


TABLE 11 
HEMATOLOGIC DATA OF CASE Ill 
Granulocytes 
: White Blood Lymphocytes | Monocytes 
Count) (Per cent) 
1923 65-81% 1,400-—4,500 0-740 0.24 75-99 0.10 
1948 86-88 % 2,100-3,900 203-770 7-24 57-70 0-35 
1949 |9.0-13.3gm.| 185,000-558,000 700-—3,200 0-104 0-8 64-91 4-29 


Bone marrow aspiration May 11, 1949. The specimen was hypocellular and showed an almost complete absence of 
granulopoiesis. Plasma cells and reticulum cells were increased in number but the normoblasts and megakaryocytes 


were normal. 


At that time she was admitted to another hospital 
in Boston* where she was noted to have marked 
leukopenia and neutropenia. The presence in 
the blood of lymphocytosis and atypical lym- 
phocytes occasioned the presumptive diagnosis 
of lymphocytic leukemia. Several blood trans- 
fusions were administered at that time. For the 
past fifteen years she had noted pain and swelling 
in the ankle, hip and knee ioints; motion in the 
right knee had been limited for the past several 
years. There had been occasional “canker 
sores” in the mouth. 

In October, 1948, she had an upper respira- 
tory infection followed shortly with cough and 
excessive fatigue. Early in November of the 
same year she had an episode of severe pain in 
the right flank radiating to the shoulder and 
neck, and accompanied by vomiting and fever. 
At that time she was found to have pyuria. 
Because of intolerance to sulfonamides, peni- 
cillin was administered and she slowly improved. 
In December, 1948, acute pharyngitis, cervical 
adenopathy and fever developed; the white 
blood cell count was again noted to be low. 
Penicillin was administered, with gradual relief 
of the symptoms. In March, 1949, a shaking 
chill, fever, pain in the right flank and burning 

* We are indebted to the authorities of the Peter Bent 
Brigham Hospital for permission to examine the records 
of this patient. 


swelling of the inguinal lymph nodes. On the 
tenth day prior to admission fever of about 
100°r. developed. During the patient’s illness 
she stated that she had lost 50 pounds. 

Physical examination revealed a well de- 
veloped, slightly obese white female not acutely 
ill. Temperature was 100°F., pulse rate 88 and 
respirations 20. The skin showed eczematoid 
dermatitis behind the right ear and a few small 
furuncles on the face and trunk. Healed scars 
of the previously noted furuncles were seen over 
various parts of the body. Arcus senilis was 
noted in both eyes. The mouth was edentulous. 
A grade 1 systolic murmur was heard in the © 
aortic region but the heart was otherwise nega- 
tive. The abdomen revealed some diffuse tender- 
ness throughout on deep palpation but there 
was no rigidity or palpable masses. The liver 
and spleen were not enlarged. Rectal examina- 
tion showed external hemorrhoids. Pelvic ex- 
amination was negative. Examination of the 
fingers revealed Heberden’s nodes and there 
was crepitus in both knees. A slight flexion 
deformity of the right knee was present but 
there was no definite evidence of rheumatoid 
arthritis. 

Hematologic data are summarized in Table 
m1. They showed extreme neutropenia with 
relative lymphocytosis and no alteration of 
erythrocyte or platelet counts. Other laboratory 
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studies revealed a normal urine, fasting blood 
sugar of 101 mg. per cent, stools negative for 
occult blood, serum cholesterol 146 mg. per cent 
and negative blood cultures. Agglutination tests 
were negative for brucella, typhoid and proteus 
but positive for paratyphoid B in a dilution of 
1:40. The serology was negative for syphilis. 
An abscess of the finger was cultured and showed 
Staphylococcus aureus. Chest films and intra- 
venous pyelography were negative. An inci- 
dental finding in the x-ray studies was the 
presence of coarse trabeculation symmetrically 
distributed in the pelvic bones, interpreted as 
Paget’s disease. A calcific density was noted in 
the region of the gallbladder. 

During the course of the patient’s hospital 
stay she showed intermittent temperature ele- 
vations ranging up to 101.6°r. The fever and 
furunculosis did not respond to penicillin or 
to combined streptomycin and aureomycin 
therapy. The patient was discharged after one 
month’s observation with essentially the same 
findings as on admission. 

She was admitted to another hospital * July 20, 
1949, having had a continuation of the previ- 
ously noted symptoms including anorexia, 
weight loss, fatigue and night sweats. There a 
flat film of the abdomen revealed a solitary 
gallstone and slight splenomegaly. Bone marrow 
biopsy was reported to show aplasia. During her 
hospital stay the patient ran spiking tempera- 
tures to 105°F., and on blood culture pyocyaneus 
was recovered. Ulcers noted under the right 
arm and left groin, and tender right axillary 
lymph nodes failed to respond to penicillin ther- 
apy. Ten days after admission rales developed 
in the lung bases and the patient became cyanotic 
and expired. 

Postmortem examination revealed the follow- 
ing findings of interest: The liver was moder- 
ately enlarged and on microscopic examination 
showed distention of the sinusoids with blood 
and periportal infiltration with lymphocytes. 
Three ulcers, circular, indurated and with a 
yellow base, were present in the distal ileum. 
There were basal and lateral adhesions in the 
right pleura and several black bronchial lymph 
nodes 1 to 5 cm. in diameter. The lungs were 
grossly edematous, showing vascular congestion 
with patchy emphysema and atelectasis on 
microscopic examination. The heart weighed 

* We are indebted to the authorities of the Massa- 
chusetts General Hospital for permission to publish 
these data. 
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440 gm., was dilated and showed fibrous thick- 
ening of the endocardium and coronary sclerosis. 
The aorta was moderately atheromatous. The 
spleen weighed 390 gm. Its capsule was smooth, 
bluish and tense. The cut surface was pale and 
soft, showing diminished pulp but prominent 
trabeculae and follicles. Microscopically the 
changes were merely those of congestion; 
there was no evidence of excessive phagocytosis 
or myeloid metaplasia. The urinary bladder was 
the site of a mucosal plaque which was brown 
centrally, had yellow edges, measured 1.5 cm. 
across and cut with a “‘fibrous’’ consistency. 
Microscopically this proved to be a granuloma- 
tous lesion infiltrated with plasma cells, lympho- 
cytes and giant cells, and contained areas of 
focal necrosis. The gallbladder contained a 
large stone but there was no evidence of ob- 
struction. The kidneys showed congestion of the 
vessels and interstitial infiltration with lympho- 
cytes. The adrenals showed lipid depletion and 
lymphocytic infiltration around the central 
vein. Culture of the heart’s blood grew out 
pyocyaneus. 

Comment. This patient had an unusually long 
history of severe neutropenia dating back for at 
least twenty-five years. It was remarkable in 
that so few stigmas of the disease had developed 
during so long a period. Although not disproved, 
splenic origin of the neutropenia was unlikely 
because of the striking degree of marrow granu- 
locytic hypoplasia, the absence of splenic dis- 
order and the normal platelet counts. 

Case (New England Center Hospital 
No. 12-031.) M. F., a fifty year old white 
woman, was admitted to the hospital January 3, 
1944, complaining of weakness and dizziness. 
In the year prior to admission she had noted 
the gradual onset of vague complaints con- 
sisting of “feeling below par,” easy fatigability 
and a weight loss of about 16 pounds. Two 
months before admission exertional dyspnea 
developed and a month later weakness became 
so severe that the patient was confined to bed. 
At that time x-rays of the teeth revealed apical 
abscesses, and several dental extractions were 
performed which were followed by moderately 
severe bleeding and painful swelling of the gums. 
Objective vertigo appeared shortly thereafter; 
this was precipitated by motion of the head 
and followed by vomiting. 

The past history included a prolonged story 
of repeated psychiatric disturbances including 
three “nervous breakdowns” the last of which 


42 Chronic Hypoplastic Neutropenia—Spaet, Dameshek 


had occurred ten years prior to admission, and 
a menopause characterized by attacks of 
melancholia. The family and occupational 
history were non-contributory, nor was any 
history of exposure to noxious agents elicited. 
Physical examination showed the patient 


78 mm. in one hour (Westergren) and a basal 
metabolic rate of minus 16 per cent. The total 
serum proteins were 8.4 gm. per 100 cc., with 
3.3 gm. of albumin and 5.1 gm. of globulin. 

At the suggestion of Drs. A. White and T. 
Dougherty * the patient was given intramuscular 


TABLE IV 
HEMATOLOGIC DATA OF CASE IV (PRE-SPLENECTOMY ) 
Granulocytes 
Hemoglobin White Blood Lymphocytes | Monocytes 
Year (Per cent) Platelets Cells (Per cent) (Per cent) 
(Absolute 
1944 75-90 379,000-—718,000 4,400-11,600 | 0-1,044 0-9 70-91 6-25 
1945 80-86 7,250—-11,250 79-430 1-5 84-92 5-14 
1946 9,900 1,188 12 


Bone marrow aspiration January 4, 1944. The cellularity was normal but the granulocytic precursors were markedly 
decreased. There was a moderate degree of lymphocytosis but the normoblasts and megakaryocytes were normal. The 
following differential count (percentage) was obtained: 


Myeloblasts............ 0.4 Lymphocytes................. 45.6 
Promyelocytes.......... 0.4 Plasma 1.2 
Myelocytes............ 5.6 1.2 
Band Forms............ 2.0 Normoblasts A................ 1.2 
Eosinophilic myelocytes.. 7.2 Normoblasts B................ 9.2 
Eosinophils (segmented). . 0.8 Normoblasts C................ 20.4 


to be moderately obese. She did not appear to 
be either acutely or chronically ill. Pulse, tem- 
perature, respirations and blood pressure were 
within normal limits. The significant findings 
included carious teeth and gums which were 
hypertrophied and bled easily. The heart and 
lungs appeared to be normal. There was no 
enlargement of the lymph nodes. The spleen 
was palpated 2 cm. below the costal margin 
but there was no other abdominal organ 
enlargement. 

The hematologic data are summarized in 
Table 1v. The striking finding was marked 
neutropenia associated with a normal total 
white blood cell count and absolute lympho- 
cytosis. The red cells and platelets were within 
normal limits. The bone marrow was normo- 
cellular and was characterized by normal 
numbers of erythroid elements and mega- 
karyocytes, moderate lymphocytic infiltration 
and by a marked paucity of granulocytic ele- 
ments. Other laboratory findings showed a 
negative serologic test for syphilis, 2+ albu- 
minuria with increased white blood cells in the 
urine, an erythrocyte sedimentation rate of 


injections of whole adrenal cortical extract in 
doses of 20 cc. daily for one week in the attempt 
to reduce possible lymphocytic hyperplasia and 
thus increase the granulocytic level. There was 
no hematologic response and the patient was 
discharged with essentially the same complaints 
as on admission. Three weeks later she was 
again admitted because of persistent symptoms, 
having had several additional teeth extracted 
in the interim. Physical findings at that time 
were similar to those of the previous admission 
save for increasing enlargement of the spleen 
which was now felt 5 cm. below the costal 
margin. X-rays of the abdomen confirmed the 
splenomegaly. Films of the skull were normal. 
No specific therapy was instituted and the 
patient was discharged with unchanged symp- 
toms after a two-week stay. She was admitted for 
the third time May 9, 1944, at which time no 
change was noted symptomatically or in the 
physical or laboratory findings. She was dis- 
charged after twelve days with a tentative 
diagnosis of either chronic lymphocytic leukemia 
or splenic neutropenia. 
* Then at Yale University Medical School. 
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From then on the patient was seen inter- 
mittently. Her symptoms of fatigue, dyspnea 
and vertigo continued in varying intensity but 
there was little change in the physical findings 
or in the blood picture. In January, 1945, 
headaches and “canker sores” of the mouth 
developed. In March of that year an insect bite 
of the finger led to a severe local infection, 
regional lymphangitis and fever. These symp- 
toms responded to penicillin and sulfonamides 
after a week of therapy but left the patient even 
more debilitated. The course thereafter was 
characterized by repeated infections of the skin 
and urinary tract associated with fever and 
constitutional signs. In March, 1946, splenec- 
tomy was performed at another hospital.* The 
spleen was found to be enlarged but showed no 
changes other than those due to congestion. 
There was no hematologic response following 
the operation. The postoperative course was 
characterized by thrombophlebitis of the legs 
which responded to vein ligation, and by a 
urinary infection which tended to persist 
despite antibiotics. The patient was last seen 
in the spring of 1950, at which time she was in 
clinical remission although the blood contained 
virtually no granulocytes. Her course had been 
continuously punctuated by recurrent infections. 

Comment. For eight years this patient was 
incapacitated by marked weakness and fatigue, 
and subsequently had the stigmas of chronic 
neutropenia including recurrent infections and 
oral lesions. The presence of absolute lympho- 
cytosis, splenomegaly and apparent infiltration 
of the bone marrow with lymphocytes suggested 
the diagnosis of chronic lymphocytic leukemia. 
However, the absence of lymphadenopathy, 
the presence in the bone marrow of normal 
erythropoiesis and normal numbers of mega- 
karyocytes with a specific depletion of granulo- 
cytic elements, and the failure of any progres- 
sion of a lymphocytic process were against such 
a diagnosis. The bone marrow picture and the 
failure to respond to splenectomy precluded a 
diagnosis of splenic neutropenia. A striking 
feature of this case is the specific depletion of 
granulocytes in the blood with completely 
normal red cell and platelet levels. 


REMARKS 
The clinical picture presented by the four 
cases described seems to fit into a more or less 


*We are indebted to Dr. Melvin Tribeman of 
Haverhill, Mass., for these data. 
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clearly defined syndrome centering about the 
characteristic feature of the disease, namely, 
prolonged and severe neutropenia. All the 
patients showed an extremely chronic course 
characterized by repeated infections which were 
relatively resistant to therapy, delayed wound 
healing and a paucity of symptoms in the 
intervals between infections. Although the sites 
of infection varied greatly, the skin and oral 
cavity appeared to be involved with the greatest 
frequency. This is similar to the findings in 
acute agranulocytosis. Physical findings were 
not characteristic save for the scars of previous 
inflammatory lesions of the skin and frequent 
ulcerative lesions of the mouth. Splenomegaly 
of slight to moderate degree was present in all 
the cases, and with the presence of an extreme 
degree of neutropenia, the possibility of splenic 
neutropenia was usually considered strongly. 
The neutropenia showed little variability and 
great chronicity. Absolute lymphocytosis and 
monocytosis were also noted rather consistently 
and at times there was slight anemia and 
thrombocytopenia. Other than the neutro- 
penia, the outstanding feature in every case was 
the finding in marrow aspirations of marked 
hypoplasia of the granulocytic precursors, in the 
presence of an otherwise normal cellularity, 
relatively undisturbed erythropoiesis, and quan- 
titatively and qualitatively normal mega- 
karyocytes. Other laboratory studies were 
nonspecific or were related to the effects of 
supervening infections. Splenectomy when per- 
formed did not alter the course of the disease, 
but specific antibiotic therapy appropriate to the 
infection appeared to be an indispensable part 
of management. 

The present syndrome seems to bear only 
superficial relationship to chronic neutropenic 
states previously characterized. In none of the 
cases was there any evidence of primary infec- 
tion or other inflammatory or degenerative 
disorder known to produce neutropenia. There 
was furthermore no evidence of a proliferative 
disease of the marrow such as leukemia or 
lymphosarcoma, a nutritional deficiency or 
exposure to noxious agents. Evidence was 
similarly lacking for excessive destruction or 
sequestration of granulocytes and for the 
presence of an arrested development or delivery 
of these cells. 

Clinically the patients closely resembled 
examples of splenic neutropenia. The presence 
of chronic neutropenia and an enlarged spleen 


> 
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as well as the occasional anemia and thrombo- 
cytopenia are all features which would fit the 
picture of that disease reasonably well.*? Such 
similarity prompted the performance of splenec- 
tomy in three of the patients. However, the 
striking granulocytic hypoplasia of the marrow 
and the failure to respond to splenectomy are 
important differentiating characteristics. Al- 
though the appearance of a hypoplastic marrow 
has been occasionally reported in_ splenic 
neutropenia,** it should be regarded as ex- 
ceptional.'®-'* One of the essential features of 
splenic neutropenia is granulocytic hyperplasia of 
the marrow with or without maturation arrest. 

It is possible that cyclic neutropenia may be 
related to the present condition since it has 
many findings in common. Patients suffering 
from that curious periodic syndrome may have 
persistent neutropenia between attacks'®"” and 
their course is unaltered by splenectomy.!"—'® 
The marrow may likewise be hypoplastic with 
respect to granulocytic elements.'* Our patients 
differed from the reported cases of cyclic 
neutropenia in that there was no evidence of 
periodicity. '* 2? 

There are several reports in the literature 
describing cases essentially similar to those 
presented here. Roberts and Kracke* reported 
a group of patients showing chronic debility 
and mild, chronic neutropenia with episodes 
of more severe granulocyte depression occurring 
at irregular intervals. However, detailed ac- 
counts of the hematologic findings were not 
presented, nor was the possibility of splenic 
neutropenia considered at that time. The case 
of chrgnic neutropenia reported by Hattersly, ‘ 
which failed to respond to splenectomy, ap- 
pears to be somewhat similar to our own al- 
though the presence of granulocytic hyperplasia 
of the marrow would tend to put it into a 
different category. Likewise, the five patients 
described by Adams and Witts® may also be of 
the same type. The first of these patients had 
chronic neutropenia unaffected by splenectomy 
but the others were assumed to be free of 
splenic effect because of the failure to find 
splenomegaly on physical examination. The 
bone marrows of this group varied widely 
between hypo- and hyperplasia. More recently 
an additional case of chronic neutropenia failing 
to respond to splenectomy has been reported by 
Armstrong.”* The description of the bone 
marrow in this case is difficult to evaluate. The 


single cases of chronic neutropenia reported by 


Kopp** and Lawrence*® would also seem to 
resemble the present syndrome, but again, 
adequate hematologic data are lacking. Bousser 
and Neyde”* described a familial form of moder- 
ately severe chronic neutropenia in which this 
defect appeared to be transmitted as a mendelian 
dominant trait. These cases were characterized 
by an increased susceptibility to infections, 
especially of the throat, and hypoplasia of the 
granulocytic elements of the marrow. Spleno- 
megaly was lacking and the course was pro- 
longed and relatively benign. No evidence of 
familial or hereditary neutropenia was present 
in our cases. The cases of Cesar and co-workers” 
showed chronic neutropenia and a familial 
disposition, but albinism and congenital nys- 
tagmus were constant associated features which 
seem to relegate that group into a special 
category. 

The available data permit little more than 
speculation as to the pathogenesis of the present 
neutropenic syndrome. No evidence of seques- 
tration or excessive phagocytosis of granulo- 
cytes was seen either in the autopsied patients 
or in the spleens of the splenectomized patients. 
There was no evidence of nutritional deficiency 
or of bone marrow displacement. ‘The defect 
seems to reside in a specific inability of the bone 
marrow to elaborate granulocytic precursors. 
Whether this defect is a congenital and genetic 
phenomenon, as in the cases described by 
Bousser and Neydé,”* or whether it is the result 
of some acquired disorder acting upon the 
granulocytic precursors cannot be ascertained 
at present. Of some relevance may be the 
studies of Hickie”* concerning the serum of a 
patient with chronic neutropenia and a bone 
marrow sparse in granulocytic precursors. This 
serum had the ability to render normal leuko- 
cytes unable to phagocytose bacteria of known 
susceptibility. Similar studies have been con- 
ducted by Furbetta and Buttaro.”® Thus it is 
possible that a substance is present in the 
circulating blood which is noxious to mature 
leukocytes and which has, at the same time, 
the ability to inhibit the formation of their pre- 
cursors. Adams and Witts® have suggested that 
this type of hypoplastic neutropenia may be a 
variant of the more generalized disease of the 
bone marrow, aplastic anemia. According to 
such a concept it would be analogous to the 
“pure red cell anemia” of Smith®® in which 
there is a specific absence of erythrocyte pre- 
cursors in the bone marrow. 
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Of interest is the remarkable paucity of 
symptoms sometimes shown by our patients 
even when they had a minimal number of 
circulating granulocytes. It is possible that the 
non-granulocytic leukocytes, particularly mono- 
cytes, have to some extent adopted functions 
normally performed by the polymorphonuclear 
series. In any event, monocytosis was almost 
constantly seen and in response to inflammation 
mononuclear infiltration appeared to replace the 
usual granulocytic form. 

Providing infections can be controlled, the 
prognosis of the present syndrome is compatible 
with a lengthy course. This is evident from the 
persistence of the disease for at least twenty- 
seven years in one of our patients. The great 
strides in antibiotic therapy should further 
improve the outlook in other similar patients. 
Splenectomy has been of no value either in 
raising the white blood cell count or in altering 
the course of the disease and no response has 
occurred in the past with other methods of 
treatment. The possible effectiveness of the 
myelostimulatory action of ACTH and corti- 
sone remains to be evaluated. 


SUMMARY 


Four cases of chronic neutropenia are reported 
which are non-splenic, non-cyclic and not 
related to any known disorder of leukopoiesis. 
Splenectomy performed in three of these pa- 
tients failed to alter the course of the disease. 
The findings in all cases suggested the presence 
of a specific defect in granulocyte production by 
the bone marrow, possibly related to the 
aplastic anemias. It is suggested that these cases 
may fit into a syndrome best termed “‘primary 
hypoplastic neutropenia.” 
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Mediterranean Hemopathic Syndromes 
(Cooley’s Anemia) in Adults’ 
Study of a Family with Unusual Complications 


Haro.tp W. Marcu, M.D., SAMUEL M. SCHLYEN, M.D. and SAMUEL E. SCHWARTZ, M.D. 
New York, New York 


OOLEY and Lee, writing in 1925, 
described a familial hemolytic anemia 
of infancy and childhood which soon 

became known to pediatricians and hema- 
tologists as Cooley’s anemia. Three years after- 
ward the senior author renounced the eponymic 
designation and called the disease “an ery- 
throblastic anemia of childhood’”™ because 
erythroblastosis was a prominent feature of the 
blood picture. Later, for reasons which will 
become apparent, he chose the term “‘Mediter- 
ranean anemia.”* 

The authors in their original presentation had 
studied seven cases of hemolytic anemia in 
infants and concluded that at least four of these 
represented a distinct disease unrelated to the 
group of anemias and splenomegalies which had 
been grouped under the name of von Jaksch’s 
anemia.**® All of their patients were children 
of Italian or Greek parentage. The disease 
began in infancy, as early as the third month 
of life. Prominent features in addition to stunting 
of growth were muddy pallor of skin and sclerae, 
icterus, hepatosplenomegaly, bone changes, 
and mongoloid facies manifested by high cheek 
bones, prominent eyes and epicanthic fold or 
shortened nose. The blood picture was striking. 
There was usually a marked hypochromic 
anemia, microcytosis and severe degrees of 
poikilocytosis. Target and oval cells were 
present in large numbers, and there were also 
polychromatophilia and basophilic stippling. 
A remarkable part of the hemogram was the 
presence in the peripheral blood of immature 
red cells in large numbers, especially erythro- 
blasts and normoblasts. Moderate degrees of 
polymorphonuclear leukocytosis was present. 
In Cooley’s cases the disease ran a fulminating 
course. It was resistant to all forms of therapy 


and death occurred in early childhood of anemia 
and intercurrent infection. Early students of the 
disease wrote that it was incompatible with life 
past the age of twelve years.* 

- Subsequent developments, however, expanded 
the classical disease of Cooley with its relentless 
course and brief life span into a broader concept 
of inherited red blood cell diathesis of varying 
severity and duration. This brought the problem 
within the ken of clinical medicine in general. 
A rich literature rapidly grew up, especially in 
Italy and in the United States, as investigators 
studied hematologic, radiographic, pathologic 
and clinical aspects of the problem. The blood 
studies of Baty et al.,’ Whipple and Bradford,*® 
Wintrobe,® Dameshek® and Smith'** verified 
and elaborated on the first observations of 
Cooley and Lee. They also pointed out for the 
first time that “formes frustes’”? might appear 
in older children or young adults who had mild 
forms of the disease or in elders who merely 
transmitted it. In this regard Caminopetros!!*" 
and Angelini!? first noted that the most constant 
and at times only evidence of this state is in- 
creased resistance of the red cells to hypotonic 
saline solutions. Dameshek®*® also reported 
this and it has become one of the most reliable 
diagnostic findings in the recognition of Cooley’s 
anemia. Whereas the normal red cell is hemo- 
lysed at .35 per cent saline, the abnormal blood 
cells may be incompletely hemolysed in dis- 
tilled water. There has been less unanimity 
concerning the role of the target cell, an ab- 
normal erythrocyte with its hemoglobin content 
concentrated in the center and surrounded by 
an achromic area which extends to the periph- 
ery; since the central area is also elevated the 
cell has a Mexican hat appearance in profile. 
It was first identified by Haden and Evans" in 


* From the Medical Service of the Hospital for Joint Diseases, New York, N. Y. 
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sickle cell anemia and by Bywaters'* and 
Smith'™ in Cooley's disease. Dameshek® sug- 
gested that the target cell might represent the 
fundamental defect in this syndrome, and the 
link between it and other inherited hemolytic 
anemias. However, Smith!™ and Valentine and 
Neel!® take the position that the target cell is 
non-specific, and Barrett’ showed that it ap- 
peared in a variety of conditions exclusive of 
blood disorders. 

Studying the radiographic aspects of the bone 
changes, Caffey suggested that these are second- 
ary to blood destruction and compensatory 
marrow hyperplasia.’ This results in expansion 
of the medullary cavity at the expense of the 
cortex which is therefore abnormally thin. In 
time, compensatory changes appear in the 
presence of irregular trabeculations across the 
medullary cavity and the final stage may be one 
of sclerosis. X-ray may demonstrate involvement 
of any or all the bones, the most characteristic 
being in the distal end of the femur where a 
triangular expansion appears, in the skull with 
its perpendicular striations and in the hands 
where sclerotic bands intersect in the late stages 
and cause a mosaic pattern. 

The bones and other viscera were studied 
postmortem by Whipple and Bradford.* In 
addition to the changes in the marrow and 
blood they discovered a characteristic deposition 
of pigment in the liver, kidney, pancreas, lymph 
glands, gastric mucosa, thyroid, adrenals and 
skin similar to that found in hemochromatosis. 
Little was found in the spleen. From their find- 
ings the authors concluded that the funda- 
mental defect in the disease might be an 
abnormal capacity for utilizing iron and 
metabolizing hemoglobin. 

However, the problem of pathogenesis is not 
yet resolved. Although jaundice and young red 
cell forms are indicative of increased hemolytic 
activity, it is unlikely that this is the only factor 
in operation since hemolytic crises do not occur. 

Cooley* suggested that a primary disorder of 
the marrow with overstimulation and hyper- 
plasia might be the critical factors. Yet, when 
the anemia is severe the marrow may show 
arrest of blood formation and the peripheral 
blood may be free of reticulocytes.*? Attention 
has also been focused on abnormality of the red 
cell in this disease. Wintrobe*® in 1940 pred- 
icated a fundamental defect in the erythrocyte, 
and Dameshek® pointed out that although the 
fragility of the cell is decreased in vitro it may 
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be increased in vivo. In a recent study Hamilton 
et al.** showed in one case that the survival 
period of the cells in Cooley’s anemia is shorter 
than normal. It is evident that the problem 
requires further clarification. 

Meanwhile, on a clinical and descriptive level 
investigators were organizing data into a com- 
prehensive survey of the protean aspects of the 
disease. Wintrobe et al.,* Dameshek, ® Smith, !%*:« 
Strauss et al.,"* and Eliel and Bayles’ in 
America, Silvestroni,?™ Silvestroni and Bianco? 
and Chini and Valeri”! in Italy studied families 
whose members had varying degrees of hypo- 
chromic anemia or hypochromic polycythemia, 
target cells, icterus, splenomegaly and bone 
changes. The reports appeared in the literature 
under diverse designations: target-oval cell 
syndrome,® familial hemopoietic disorder in 
Italian adolescents and adults,® familial microcy- 
tic anemia, constitutional microcytic anemia”® 
and Mediterranean hemopathic syndromes.”! 
These reports were linked together by three 
fundamental elements: their nearly exclusive 
limitation to Mediterranean peoples, the pres- 
ence of familial and hereditary elements, and 
the increased resistance of the red cells to 
hypotonic saline Dameshek® in 
1943 first arranged the descriptions into a broad 
clinical and hematologic spectrum, ranging 
from the classical and lethal Cooley’s disease on 
the one hand to isolated hematologic ab- 
normality on the other. Whipple and Bradford® 
suggested the name “thalassemia,” or anemia 
of the sea because of the predilection for peoples 
in- the Mediterranean region. In a further 
effort at clarification, Valentine and Neal! 
designated the severe condition as “‘thalassemia 
major” and the mild cases or trait as “‘thalas- 
semia minor.’ Most of these titles have their 
disadvantages, including the name “erythro- 
blastic anemia of childhood,” suggested origi- 
nally by Cooley, since it can be confused with 
the Rh factor disorder. Likewise “target and — 
oval cell syndrome,” and “familial” or “con- 
stitutional microcytic anemia” have no ad- 
vantage of specificity. Finally even “thalassemia” 
or Mediterranean anemia does not take into 
account the reports of well documented cases 
in non-Mediterranean peoples of all races. '*:??-*? 
Moreover, the problem is further complicated 
by the question of the relationship of this entity 
to congenital hemolytic icterus,** sickle cell 
anemia, ®:*4.35 malaria®* and the Rh factor.**—*® 
In spite of this, however, the term “Mediter- 
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Fic. 1. A. DiR., peripheral smear showing a field of 
target cells with characteristic central accumula- 


tion of hemoglobin. 


ranean hemopathic syndromes,”’ as suggested by 
Chini and Valeri?! would appear to be among 
the most appropriate at this time. 

Treatment of the severe form of the disease 
has been singularly unsuccessful. It is charac- 
teristically refractory to iron, to liver and vita- 
min concentrates, to endocrine extracts and 
blood transfusions. Splenectomy results in a 
spectacular increase in the number of nucleated 
red cells but there is no amelioration of the 
anemia. Radiation therapy is equally fruitless. 
Recent attempts have been made at treatment 
with exsanguinotransfusion,*’—** nitrogen mus- 
tard‘ and metal-combining globulin.*! 


CASE REPORT 


A. Di R., an Italian chauffeur aged thirty- 
four years, was admitted January 4, 1951. Ten 


days previously he had had sudden onset of — 


severe substernal pain radiating to both arms 
and shoulders and to the neck, aggravated by 
effort and partially relieved by rest. It was 
associated with sweating and with rapid onset 
of dyspnea and orthopnea. In spite of symp- 
tomatic treatment his symptoms persisted and 
he became rapidly worse. A day prior to ad- 
mission he experienced abdominal pain and 
distention. 

He had been known to one of us since Febru- 
ary, 1948, when he had complained of epi- 
gastric pain with pain-food-relief sequence. A 
gastrointestinal series disclosed an ulcer niche 
in the duodenum. At the same time there was 
marked enlargement of the liver and spleen 
on examination. Other findings included pallor, 
icterus and prominent cheekbones. Examination 


Fic. 2. A. DiR., peripheral smear showing marked 
an poikilocytosis, ovalocytosis and hypo- 


of the blood disclosed the hemoglobin to be 
7.6 gm., and red blood cells 4,600,000. The 
white blood count was 21,150 and 15 to 20 
nucleated red cells were present per hundred 
white cells. The smear likewise showed marked 
anisocytosis and poikilocytosis and hypochromia. 
The icteric index was 12, and the cephalin 
flocculation test four plus. His ulcer symptoms 
responded well to conventional medical man- 
agement. The diagnosis of Cooley’s anemia was 
established by further examination of the patient 
and his family. He worked steadily and was not 
seen again until the day of admission. 

At this time the patient appeared acutely and 
chronically ill. He was orthopneic and sat 
rigidly because of abdominal pain and disten- 
tion. The sclerae were icteric and pale. There 
was a peculiar yellow tint to the skin, and the 
facies was noted to be somewhat mongoloid. 
The skin was warm and moist, and there was 
distention of the cervical neck veins. Both bases 
were flat; tactile fremitus and breath sounds 
were absent. Fine rales were heard in both 
interscapular areas, but the apices were clear. 
The area of cardiac dullness extended into the 
flatness of the lung fields. The rate was 130, 
regular. There was a loud to-and-fro friction 
rub at the left sternal border and a questionable 
systolic murmur at the apex. Blood pressure was 
140/60. Over the left lower thoracic cage and 
upper abdomen there was a large area of hyper- 
pigmentation. The epigastrium was distended 
and tympanitic. The spleen extended to the 
crest of the ileum and the notch was felt at the 
level of the umbilicus. The liver was 3 or 4 cm. 
below the right costal margin, hard and 
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Fic. 3. A. DiR., admission chest plate showing marked enlargement of the heart 


and bilateral hydrothorax. 


non-tender. There was no peripheral edema. 
Rectal and neurologic examinations were 
non-contributory. 

Laboratory data were as follows: hemoglobin 
5.3 gm., red blood cells 2,780,000, white blood 
cells 12,000 with 89 per cent polymorphonu- 
clears. The smear contained 12 nucleated red 
cells per 100 white cells. There were many 
target cells (Fig. 1), stippled red cells, poly- 
chromatophilia, anisocytosis and poikilocytosis. 
(Fig. 2.) Hemolysis began at .36 per cent saline 
and was incomplete in distilled water. The 
urine contained a trace of albumin, a few white 
cells and occasional pus cells. ESR, 10; NPN, 
40 mg. per cent; blood sugar, 122 mg. per cent; 
total protein, 7.0 gm. per cent; albumin, 3.3 gm. 
per cent; globulin, 3.7 gm. per cent; uric acid, 
7.3 mg. per cent; phosphorus, 3.8 mg. per cent; 
alkaline phosphatase, 4.2 Bodansky units; total 
cholesterol, 56 mg. per cent; free cholesterol, 
40 mg. per cent; bilirubin, 3.0 mg. per cent. 
The blood culture was sterile. Sputum culture 
was positive for Staph. aureus and hemolytic 
streptococci. X-ray of the chest disclosed 
enormous enlargement of the heart and bilateral 
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hydrothorax, more marked on the left. (Fig. 3.) 
The electrocardiogram showed inversion of the 
T wave in V2 and slight elevation of the S-T 
segment. The P-R interval was .16 and no other 
abnormalities were noted. 

The patient had a fever of 102.6°F. on admis- 
sion and it reached 103.8°F. on the third 
hospital day. Repeated blood culture was sterile. 
When the patient failed to respond to anti- 
biotics, cortisone was administered, 300 mg. on 
the first day, 150 mg. for the four succeeding 
days and then 100 mg. daily. A pleural tap was 
done and 450 cc. amber fluid was withdrawn 
from the left pleural cavity. The specific gravity 
was 1.017 and the fluid contained moderate 
leukocytes and monocytes. Culture for micro- 
organisms including tubercle bacilli was sterile. 
On the fourth day of treatment the patient’s 
temperature was 100°F. and there was no 
further elevation in this period of his hospital 
stay. There was a concomitant drop in pulse 
rate and the patient appeared much improved. 
On the seventh day of treatment the friction 
rub was not heard and a soft systolic murmur 
was audible. There was no reaccumulation of 
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Fic. 4. A. DiR., skull film showing expanded medullary cavity and perpendicu- 


lar striations. The outer table is markedly attenuated. 


pleural fluid. Reexamination of the chest 
radiographically demonstrated a diminution 
in the size of the cardiac silhouette and clearing 
of the lung fields. Cortisone was discontinued on 
the fifteenth day. 

The anemia was treated by blood transfusions 
but the hemoglobin did not exceed 10.0 gm. 


medullary cavities of the long bodies. Flat plate 
of the abdomen showed calcification in the left 
splenorenal region and characteristic striations 
in the pelvic bones. Retrograde pyelography 
indicated that the calcification was outside of 
the urinary tract. No dye was recovered from 
the ureter on the left side and the kidney was 


The stools were positive for occult blood and a __ thought to be non-functioning. 
FATHER d. 38 MOTHER 63 
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gastrointestinal series confirmed the previous 
diagnosis of duodenal ulcer. A bone survey 
demonstrated widening of the cranial vault with 
perpendicular striations across the medullary 
cavity (Fig. 4), flattening and osteoporosis of 
the vertebral bodies and expansion of the 


Agglutination tests for streptococci, viral 
disease, typhoid and paratyphoid fevers, brucella, 
proteus OX19 and the heterophile antibody 
remained within normal limits. The tuberculin 
reaction was negative. 

On two occasions there was an acute inflam- 
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matory process at the metatarsophalangeal 
joint of the left great toe. The joint was swollen 


and the overlying skin was dusky and erythema- 
tous. There was great tenderness on lateral 
pressure. The uric acid was 7.7 mg. per cent. 
Salicylates did not affect the lesion but there 
was dramatic relief with colchicine. Radio- 
graphic examination of the joint was normal. 
The patient was discharged during the tenth 
hospital week. 

Seen in the follow-up clinic five months later, 
he was working steadily as a chauffeur. He said 
that he had been well except for a temporary 
recurrence of ulcer symptoms following dietary 
indiscretion. 

The patient is one of a family of six siblings. 
The father and mother are both Italian and were 
born in the province of Potenza not far from 
Naples. The mother is in good health at the age 
of sixty-three with the exception of mild diabetes. 
Her hemoglobin is 12.4 gm., red blood cells 
4,800,000, white blood cells 10,500 and the 
differential count is normal. However, the blood 
smear is loaded with red cells showing baso- 
philic stippling and there are many hypochromic 
macrocytes. These are the usual blood findings 
in mild forms of Cooley’s disease.'® 

The father died at the age of thirty-eight of 
pneumonia. He is known to have had spleno- 
megaly since the age of eighteen and was thought 
to have malaria. Since both diseases are com- 
mon and coexist in the same regions of Italy, it 
was not unusual for misdiagnoses to be made. *? 
His brother is said to be in good health. How- 
ever, one of the latter’s five children is known 
to have died of Cooley’s anemia at the age of 
twenty-eight. The other children are said to be 
free of the disease. We have not been able to 
examine this branch of the family. 

Figure 5 is a representation of the patient’s 
immediate family. At the time of the father’s 
death when the patient was three years old, 
and his brother Mike was aged nine, they were 
examined by a welfare board physician and 
splenomegaly was noted. Both had irradiation 
of the splenic area. 

Mike, now aged forty years, has mongolian 
facies, icteric skin and hepatosplenomegaly. 
His hemoglobin is 8.7 gm., red blood count 
3,430,000, white blood count 12,000. The smear 
has anisocytosis, poikilocytosis, moderate achro- 
mia and frequent nucleated red cells. Blood 

i examination: NPN, 28 mg. per cent; 
uric acid, 8.3 mg. per cent; calcium, 10.5 mg. 
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Fic. 6. M. DiR., x-ray of elbows with striations re- 


sulting in be 9 
elbow joint.! 


per cent; phosphorus, 3.2 mg. per cent; alkaline 
phosphatase, 3.3 Bodansky units, bilirubin, 
3.2 mg. per cent. Radiographic examination 
of the bones showed the typical changes of 
Cooley’s anemia. (Fig. 6.) The flat plate 
demonstrated calcification in the right upper 
quadrant proven by intravenous pyelogram to 
be extrarenal (cf. Ida). Mike has a twelve year 
old son who has no clinical or hematologic 
evidence of disease. 

Ida, now thirty-two years old, has been 
followed by one of us since June, 1939. She 
had developed an ulcer over the right medial 
malleolus after kicking a football. The ulcera- 
tion was persistent, had a necrotic base and an 
indolent zone of granulation tissue. On ‘ex- 
amination the patient was icteric and had high 
cheek bones. A hard spleen edge was felt well 
below the left costal margin. The hemoglobin 
was 7.5 gm., the red blood count 3,020,000 and 
the white blood count 6,600. The smear showed 
target cells, hypochromia and marked poikilo- 
cytosis. There were eight nucleated red cells 
per hundred white cells. The urine was positive 
for bile. The ulcer was treated with cod liver oil 
compound, gentian violet and mercurochrome 
dressings. In addition the patient received iron, 
liver injections and a high caloric diet. In spite 
of these measures the ulcer failed to heal and a 
new one appeared over the left medial malleo- 


appearance around 
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Fic. 7. I. DiR., showing large serpiginous ulcers over both medial malleoli. The 
lateral malleolus of the right ankle is also involved. 


lus. She was admitted to the hospital in August, 
1944. Large serpiginous ulcers were seen over 
both malleoli of the right ankle and over the 
medial malleolus of the left. (Fig. 7.) The floor 
of the ulcers was greenish and there was a foul 
odor. The edges were rolled under and slightly 
elevated. The spleen was at the umbilicus and 
the liver was two fingers below the right costal 
margin. The sclerae were icteric. There was no 
abnormality of the heart or lungs. The hemo- 
globin was 6.4, red blood count 2,950,000, white 
blood count 8,000 with a normal differential 
count. There was achromia, microcytosis, 
anisocytosis, poikilocytosis, target cells and 
stippled red cells. Blood chemistry: NPN, 26 mg. 
per cent; total protein, 7.5 gm. per cent; albumin, 
4.4 gm. per cent; globulin, 3.1 gm. per cent; 
cholesterol, 71 mg. per cent; cholesterol esters, 
41 mg. per cent; bilirubin, 3.8 mg. per cent. 
Changes in the skull, vertebrae and pelvis 
were again characteristic of Cooley’s anemia. 
The ulcers improved temporarily on potassium 
permanganate and tyrothricin dressings but 
soon reappeared and have remained. 

In 1949 the patient complained of pain in the 
right loin and passed brown stones in her urine. 
The sediment contained 250 red cells per high 


power field. There were no crystals. Retrograde 
pyelograms demonstrated a staghorn calculus 
in the right kidney pelvis, and calcification in 
the lower pole of the left pelvis. (Fig. 8.) Re- 
examination in April, 1951, following supra- 
pubic pain and hematuria disclosed a large 


calculus in the left renal pelvis. X-ray spectro- 
scopic examination of the small stones removed 
during cystoscopy indicate that they are com- 
posed of uric acid, calcium urate and ammonium 
acid urate. The uric acid in this period was 
12.0 mg. per cent; NPN, 49 mg. per cent; cho- 
lesterol, 80 mg. per cent; free cholesterol, 35 mg. 
per cent; bilirubin, 1.1 mg. per cent; calcium, 
8.5 mg. per cent; inorganic phosphorus, 4.9 mg. 
per cent and alkaline phosphatase, 2.5 Bo- 
dansky units. In spite of chronic renal disease 
the patient carries on her activities as a house- 
wife and is symptom-free in the intervals between 
passage of renal calculi. 

Ann is now thirty-eight years old. She has 
been under observation since 1940. In 1938 
she gave birth to a baby who died at four months 
of hydrocephalus and other congenital anom- 
alies. When first seen by us her hemoglobin 
was 76 per cent and red blood count 3,940,000. 
The Cooley trait was diagnosed by the presence 
of numerous target cells, anisocytosis and poikilo- 
cytosis. She was treated with large doses of iron 
and liver and gave birth to Carol, nine, and 
Joan, six. Both girls show a hypochromic poly- 
cythemia, and their blood picture is consistent 
with the Cooley trait. Their mother likewise 
has a hypochromic polycythemia at this writing. 

Of the two remaining siblings, Nick, forty- 
three, is in excellent health but has blood 
changes similar to the mother’s. Frank died at 
the age of twelve, following a surgical procedure. 
He had none of the gross stigmata but there is 
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Fic. 8. Flat plate of lumbar spine and sacrum showing osteoporosis and coarse 
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compensatory striations. A large staghorn calculus is seen in the left kidney 


no information available about his blood 
picture. 


COMMENTS 


The development of the literature on Cooley’s 
anemia has been briefly traced. Our cases, 
reviewed in relation to these developments, 
offer some notable features and it is to these 
singular aspects that attention is now drawn. 

The disease is not the rarity it was once 
thought to be. Neel and Valentine in a statistical 
survey of Rochester, a city with a large Italian 
population, estimated that it occurred in the 
severe and lethal form once in 2,368 births.** 
Smith, with an extensive experience in New 
York City and surrounding areas, found that 
area to be a large reservoir for the disease be- 
cause of the immigration from Italy in the late 
nineteenth and early twentieth centuries.'™ 
The incidence of the trait or mild form must be 
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widespread. In the Rochester survey** it was 
1 in 125 births, calculated on the assumption 
that the mechanism of inheritance is recessive. 
Nevertheless the presence of full-blown Cooley’s 
disease in the fourth and fifth decade of life is 
not frequent. Dameshek reported his celebrated 
Caruso case in 1940, a twenty year old boy with 
anemia, splenomegaly and bone changes.**” 
Wintrobe, in the same year, reported an eighteen 
year old boy with jaundice, splenomegaly and 
anemia but no bone involvement.*® The parents 
and siblings had the mild disease, represented 
either by splenomegaly, anemia or increased 
erythrocyte resistance. He reviewed the litera- 
ture and found seven cases over fourteen years 
of age. He cited Mandeville’s fifteen year old 
boy with bone changes,** Dalla Volta’s thirty 
year old patient with autopsy findings as 
described by Whipple and Bradford, * the three 
cases of Aravantinos and Delijannis, aged six- 
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teen, twenty-one and twenty-two years,** and 
the twenty-four year old pharmacist with 
jaundice and splenomegaly described by Allen 
and Childs.‘7 Wolman and Dickstein in 1946° 
referred to the two adults of Caminopetros, ''* 
the fourteen year old boy of Thalheimer,** the 
nineteen year old boy of Smith,!™ the seventeen 
and twenty year old siblings of Atkinson,®® the 
thirty-nine year old patient of Eliel and Bayles 
with characteristic blood and spleen,*! Fawdry’s 
six adult cases®*? and the patients of Van Ravens- 
waay,‘? Voorhies and Sloan.** We are adding 
the two adult cases of Thomopoulu.* In a 
further review of these cases Chini and Valeri*! 
reiterate the popular distinction between the 
“severe” and “mild” forms, the, “thalassemia 
major” and “thalassemia minor: * of Valentine 
and Neel.' The severe form is designated as 
the classic case of Cooley, ¢ eveloping exclusively 
in children and going on to. fatal termination 
with intense anemia, splenomegaly, erythro- 
blastic hyperplasia and bone changes. The 
mild form, which runs a less rapid course, 
allows patients to reach adult age. It is in the 
latter category that they would group the adult 
cases enumerated above to which they add 
reports from the Italian literature. However, 
these authors acknowledge that in the “‘minor’’ 
classification according to this scheme there 
might be included well defined syndromes some 
of which are of marked severity, and for which 
the term “minor” would hardly be acceptable. 
Our own cases are in the fourth and fifth 
decade of life. Ida is thirty-two, Art thirty-four 
and Mike is forty. Each of them appears to have 
the mongoloid facies, the muddy pallor and 
icteric sclerae so characteristic of patients with 
this disease. The blood pictures were typical 
in each case. Our patients had microcytic 
anemia of varying severity, and the hemoglobin 
ranged from 4.8 for Arthur to 6.4 for Ida, and 
8.7 for Mike. The smears showed the anisocyto- 
sis, poikilocytosis and target cells so often 
described, and in addition all showed nucleated 
red cells in the peripheral blood. Art’s blood 
cells showed markedly increased resistance and 
were not completely hemolysed in distilled water. 
In each instance hepatosplenomegaly was 
present. These viscera were hard, smooth and 
non-tender. In Ida the spleen extended to the 
umbilicus and in Arthur and Mike to the iliac 
crest. Likewise, widely disseminated bone 
were evident on radiographic examina- 

tion of each of the three siblings and these were 


identical with Caffey’s description.'’ The basic 
process was osteoporosis, expansion of the 
marrow cavity, cortical attenuation and com- 
pensatory striation. In the skull the “hair-on- 
end” appearance was seen; in the distal end 
of the tibia expansion of the medullary structure 
resulted in a flask-shaped appearance; in the 
hands, vertebrae and sacrum interlacing bands 
of varying density produced a mosaic pattern. 
From the clinical, hematologic and radiologic 
data it is clear that these cases fall at the “‘severe”’ 
end of the Cooley spectrum, and the term 
“mild” or “minor” is hardly warranted. 

Two of the three siblings who have the com- 
plete Cooley diathesis developed clinically 
significant complications, and all three had 
hyperuricemia. Arthur was admitted with 
severe pleuropericarditis. On x-ray there was a 
markedly enlarged cardiac silhouette and bi- 
lateral pleural effusion. The history did not 
suggest rheumatic fever, and _ tuberculosis, 
uremia and coronary disease were soon ex- 
cluded. He was considered too ill to warrant a 
diagnosis of non-specific pericarditis although 
there has been a report in the recent literature 
of a fatality in this benign disease.** The 
spectacular response to cortisone was of little 
diagnostic value since this hormone is known 
to act non-specifically in a large group of 
diseases. It could not be definitely established 
that this was a direct complication of the 
Cooley syndrome although the literature is not 
without precedent for this. Cooley et al.’*° in 
their original cases describe two siblings of 
eleven months and three and one-half years, 
respectively. One of these developed a peri- 
cardial effusion in the course of the disease, and 
another had terminal edema and cardiac dila- 
tation. Whipple and Bradford*® mention the 
presence of fluid in the serous cavities. One of 
their cases had edema with pericardial and 
peritoneal effusions developing in the later 
months of life. Wintrobe in his textbook men- 
tions the presence of fluid in the serous cavities.** 
However, this complication was not previously 
reported in the adult cases. 

Leg ulcers in Cooley’s disease have been 
described once previously in the literature. 
Estes, Farber and Stickney® treated three 
sisters of Italian descent aged thirty, twenty- 
three and nineteen years, respectively. The 
ulcers characteristically appeared over the 
malleoli, healed slowly and with scarring, and 
recurred. In our patient, Ida, the ulcers ap- 
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peared on the right leg in 1939 and over the 
left leg in 1944. They were large, serpiginous 
and had rolled edges. No complicating vascular 
disease was present. In contrast to Estes’ cases 
the ulcers in our patient had little tendency to 
heal although a large variety of therapeutic 
agents were employed. In sickle cell anemia, in 
which leg ulcers are common, the cause is said to 
be clumping of abnormal red blood cells. 
Whether a similar pathogenesis exists here and 
whether Arthur’s duodenal ulcer is part of the 
same process is not clear. 

Hyperuricemia was constant in all our cases 
and ranged from 7.7 mg. per cent in Arthur to 
12.0 mg. per cent in Ida. Although Mike with 
a uric acid of 8.3 mg. per cent had no com- 
plications, this was not the case with the other 
two siblings. Ida has bilateral renal lithiasis, 
and the calculi were composed of calcium and 
ammonium acid urates. Pain and infection were 
clinical problems on a number of occasions. 
The serum calcium and alkaline phosphatase 
values were normal. There was no crystalluria 
either on immediate examination of a voided 
specimen or on examination after twenty-four 
hours, but albumin, red cells and pus cells were 
constantly present. In Arthur the corollary of 
hyperuricemia was two episodes of acute gouty 
arthritis. There was on each occasion involve- 
ment of the left first metatarsophalangeal joint. 
There was dusky erythema and extreme tender- 
ness, receding rapidly with colchicine. Hyper- 
uricemia and gout may complicate pernicious 
anemia in a period of remission following liver 
therapy. In our patient the event could not be 
correlated with a hematologic crisis. 

Mike showed on flat plate of the abdomen a 
calcified area in the right upper quadrant, 
proven to be extrarenal by intravenous pyelo- 
gram and suggestive of a biliary calculus. There 
is a recent report in which thirty-five bilirubin 
stones were removed from the gallbladder of a 
twenty-one year old Italian girl with thalas- 
semia.*' There had been no previous reports of 
this in the literature. 

The final point of interest in the discussion 
of our material is the question of genetics. Per- 
haps the most widely accepted theory of 
inheritance of Mediterranean hematologic syn- 
dromes is that first offered by Caminopetros,"! 
and now accepted by many investigators in 
Italy and America.*-15.58.6 This view, as ex- 
pressed by Valentine and Neel, is that “‘thalas- 
semia is owing to homozygosity for a factor 
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which when heterozygos produces the mild 
anemia, i.e., the factor responsible for thalassemia 
is either an incomplete recessive or a semi- 
dominant. Otherwise stated, full-blown thalas- 
semia is inherited as a recessive characteristic 
but the heterozygote as well shows significant 
changes in the blood.”’!** Cooley” and Smith! 
believe the disease to be inherited by a single 
dominant gene variably expressed, although 
the latter in an analysis of forty-seven families 
concluded “‘that in every family with a severely 
anemic child both parents have the trait for 
the disease.”!® Finally, McIntosh and Ward*’ 
suggested that the mechanism of inheritance is 
through the simultaneous presence of two non- 
allelomorphic dominant factors, one inherited 
from each parent. 

Our experience, then, is in accord with the 
popular view on the mode of inheritance. The 
mother has blood changes typical of the “mild”’ 
or “carrier” form of the disease. The father with 
a history of splenomegaly discovered in early 
youth very likely had Mediterranean disease, 
too. It would appear that the “severe” disease 
was inherited through both parents and that 
these children are homozygous whereas the 
children who are asymptomatic but who have 


blood changes are heterozygous. 
CONCLUSIONS 


It is no longer tenable to regard the “‘severe”’ 
form of Cooley’s disease with homozygous in- 
heritance as being invariably lethal in infancy 
and childhood. From the literature and from 
the case reports we have presented it is seen 
that patients with all of the well known stigmata 
may live to the fourth and fifth decades. They 
may fare well and be gainfully employed in 
spite of their apparent susceptibility to diverse 
complications: renal calculi, leg ulcers, gouty 
episodes, peptic ulcer, cholelithiasis and cardiac 
disease 


The classical description of Cooley is one 
aspect of a disease with widespread and protean 
manifestations. The multitudinous names and 
subdesignations under which this disorder has 
appeared in the literature are in large part a 
consequence of this, and it has resulted in much 
confusion and duplication of effort. Dameshek 
was the first to suggest that several hematologic 
disorders related to the disease described by 
Cooley had been reported separately, and that 
they could be grouped together in spectral 
fashion from most mild to most severe. Indeed, 
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it would seem in keeping with the facts at hand 
to employ a broad term like “‘Mediterranean 
hemopathic romes’”?! to include those 
disorders which (1) have a predilection for 
Mediterranean peoples, (2) have a familial 
incidence and (3) which have decreased red 
blood cell fragility, and/or certain hema- 
tologic abnormalities as a constant finding. 


SUMMARY 

1. Cooley’s anemia in three siblings in the 
fourth and fifth decades of life is reported. All 
criteria for the severe form of the disease were 
present, and these cases appear to be among 
the most striking described in middle-aged 
adults. 

2. Complicating features of the disease were 
reported and they include leg ulcers and hyper- 
uricemia which in one patient resulted in urate 
calculi and in another expressed itself as gouty 
arthritis. 

3. Pleuropericarditis which responded to 
cortisone is described in one of the patients and 
its relationship to the basic disease is discussed. 

4. The literature on Cooley’s anemia is 
reviewed, and the protean forms of disease 
outlined, along with the numerous designations 
and subdesignations under which they have 
appeared in reports. The possible mechanisms 
of inheritance are mentioned. 

5. A broad designation such as “‘Mediter- 
ranean hemopathic syndromes,” as suggested 
by Chini and Valeri would seem more suitable 
than the other terminologies which have ap- 
peared in the literature, since the latter do not 
adequately express the remarkable clinical and 
pathologic variations of the disease. 
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Review 


Circulating Blood Eosinophils in Acute 
Infectious Disease and the 
Eosinopenic Response’ 


H. A. WEINER, M.D. and DimiTRY MorRKOVIN, M.D. 
Washington, D.C. 


recent revival of interest in the 
| eosinophil cell has been due chiefly to 
its usefulness as an indicator of adreno- 


cortical activity. This interest has extended into 
the more fundamental and still unsolved prob- 
lem of the nature and function of the eosinophil 
cell. Review of a massive accumulation of factual 
data is now in progress in many laboratories. It 
seemed, therefore, worth while to re-examine a 
single facet of this larger problem, the natural 
behavior of this cell in the blood in acute infec- 
tious disease. 

A brief historical review of the significance 
of the eosinophil cell may well begin with 
Wharton Jones’! description in 1846 of a coarsely 
granular stage of the blood corpuscle. No 
significant progress was made until Ehrlich? in 
1878-79, on the basis of his differential staining, 
clearly separated the leukocytes into distinct 
types. Quickly many studies on these cells 
followed, stimulated chiefly at first by Ehrlich 
and his pupils. The eosinophil shared in this 
activity and by 1893 when Zappert® published 
the first extensive review, the broad outline of 
our current basic information had already been 
established. The general surveys of the eosinophil 
cell published in this country by Brown‘ in 1903 
and Simon* in 1906 are still largely valid today. 
Details, however, continued to be added, and 
by 1914 Schwarz® in his monumental mono- 
graph discussed the subject under three major 
sections (the eosinophil leukocyte, blood eosino- 
philia and tissue eosinophilia) and was able to 
accumulate 2,758 references. Interest was 
sporadic after this, until recently. Rud’s’ mono- 
graph is an excellent summary. 


Out of a welter of many facts and theories only 
limited conclusions were reached: (1) The 
eosinophil is a cell sui generis derived from a stem 
cell in the bone marrow;** (2) the blood and 
tissue forms are probably identical®’® and (3) 
the eosinophil is in some way related to the 
protein molecule and immune 1911 
Its mode of action and its control remained 
completely elusive. Control of its action by the 
autonomic nervous system was postulated early 
but this theory did not progress beyond incon- 
clusive scholasticism.*? 

Since an increase in the number of eosinophils 
in the blood was technically easier to study than 
a decrease, clinical data on eosinophilia grew 
rapidly. It was established quite early that 
eosinophilia occurred fairly uniformly in many 
allergic conditions, in a variety of generalized 
dermatoses and in parasitic infestations. It oc- 
curred frequently in postinfectious and post-toxic 
conditions, in certain infections, especially in 
their chronic forms, in many blood dyscrasias, 
in malignancies and as a reaction to many 
drugs. It was found also in a het 
collection of unrelated conditions. 

Eosinopenia, on the other hand, although 
noted by Ehrlich" in 1880, has been emphasized 
infrequently or completely neglected until re- 
cently. Naegeli’s textbook” lists its occurrence 
in acute infectious disease, intoxications, follow- 
ing major surgery, pernicious anemia and 
vaguely defined endocrine disturbances. 

In acute infectious disease the role of a fall in 
circulating blood eosinophils has been most 
noticeably stressed. That an eosinopenia occurs 
in acute infections was first noted by Ehrlich" 
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in 1880. Canon" in 1892 studied the blood 
eosinophils in a group of varied illnesses, includ- 
ing typhoid, malaria, severe influenza and 
septicemia. In all the blood eosinophils were 
either reduced or absent. Of seven patients with 
septicemia only two recovered and these two 
had the largest number of eosinophils in the 
blood. Canon pointed out further that the 
reduction in the number of eosinophils was an 
absolute not a relative one. 

Zappert"™’ in his first report in 1892 com- 
mented briefly on the absence of eosinophils at 
the height of the fever in a series of febrile ill- 
nesses, namely, pneumonia, typhoid, sore throat 
and puerperal sepsis. In the following year he* 
discussed in detail the eosinophil cell reduction 
in pneumonia, typhoid, septicemia, erysipelas, 
malaria, acute rheumatism, acute exanthems 
and febrile tuberculosis. He considered post- 
infectious eosinophilia a favorable sign and 
noted a further reduction during the agonal 


Tiirk in his monograph" in 1898 summarized 
all previous work which he corroborated in his 
own study of fifty-two cases as follows: pneu- 
monia eighteen, acute rheumatism eight, ty- 
phoid five, malaria four, acute meningitis three, 
measles three, tuberculosis two, septicemia two, 
scarlet fever two and mumps one. 

Subsequently, studies on specific diseases, 
chiefly but not always corroborative of the 
earlier ones, appeared in fair abundance al- 
though in recent years only occasionally. The 
following list is tative: appendicitis,® 
atypical pneumonia,’ cholera,”* dengue,”! diph- 
theria, erysipelas,*¥* exanthum subitum, 
infectious influenza, 

3,15,16,18 18,22,28,28.27 meningi- 
tis,'*28 mumps,!*-28 iq. 3-15, 18,26,29,30—33 
rheumatic fever,** rubella,** scarlet fever, 
23,386.36 trichinosis, id fever,?-15-16.18,26, 
40-43 typhus,“ and variola. 

Even though the emphasis varied, most ob- 
servers reached the same limited conclusions, 
namely, the eosinophil cell count of the blood 
falls, even to complete disappearance, in acute 
infectious disease. The degree of the fall is 
roughly a function of the severity of the illness. 
Conversely, there is usually a _postinfectious 
eosinophilia. Both the eosinopenia and eosino- 
philia are useful prognostic signs. The latter 
achieved greater emphasis and several terms 
such as dawn of cure,'* index of convalescence“’ 
and dawn of convalescence“ were invented. 
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Analysis of this body of data on the eosinophil 
response in infectious disease reveals that the 
obvious non-specificity of the reaction was only 
passively acknowledged or wholly ignored, and 
that with few exceptions**™* the eosinophil re- 
sponse was studied and interpreted in relation 
to each specific disease. An excellent illustration 
is Naegeli’s*® dictum in 1900 “‘dass eine Krank- 
heit niemals Typhus sein kann, bei der die 
Eosinophilen halbwegs normaler, normaler 
(100-200) oder gesteigerter Zahl vorkommen,” 
which was quoted repeatedly in the litera- 
ture®! and appears in two recent American 
textbooks. 

This specific approach was responsible also 
for a considerable literature on the value of 
eosinophilia as a diagnostic and prognostic 
sign**.** in scarlet fever, a disease in which 
eosinophilia appears relatively early in its 
course. It had, of course, been noted by many 
of the same investigators”***** that the eosino- 
phils in scarlet fever are normal, depressed or 
absent during the first two to three days of the 
illness, and absent in fatal cases. 

In trichiniasis in which eosinophilia is of great 
diagnostic importance the recent literature seems 
largely to ignore the fact that during the early 
course of the disease or in severe cases the 
eosinophils are reduced or absent, even though 
this was noted as long ago as 1889 in humans by 
Howard” and in 1904 by Opie* in experimental 
trichiniasis in guinea pigs. Naegeli’® ascribed the 
rapid fall or disappearance of the eosinophils 
in fatal cases to bone marrow 

In a recent article Kauffman* concluded that 
eosinophilia is of diagnostic significance in 
infectious mononucleosis. There seems to be no 
awareness in this work of the non-specific nature 
of the eosinophilia and he dismisses lightly the 
finding by others*‘ of an eosinopenia in the early 
stages of the disease. 

Such a specific and now classic approach to 
the behavior of the eosinophil in the blood in 
acute infections has been fully adopted and 
elaborated in many textbooks and mono- 
Tt is, therefore, difficult to 
understand how in recent years the eosinopenic 
response in infectious disease has been either 
ignored or unknown, especially in this country. 
Articles on specific infectious diseases, with few 
exceptions,**** have discussed eosinopenia 
briefly**** or not at all,*® or apparently as a 
newly described ing.*!—4%-56 Several recent 
review articles®**-® on related subjects barely 
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mention eosinopenia. In a number of the more 
current textbooks several mention it only 
casually®?-53-6'-64 while others ignore it en- 
tirely.**-*7 In one textbook*! there occurs only 
the following statement, ‘“‘Their (eosinophils) 
absence is of little importance but their increase 
is often of great help in diagnosis.” 

A restudy of this problem is evidently indi- 
cated. By way of beginning, it was decided to 
study the patients admitted to this hospital with 
ordinary infectious diseases and analyze them 
for possible simple clinical correlations. Elabo- 
rate metabolic and endocrinologic studies are 
obviously necessary but were not attempted in 
this study. 


METHODS AND MATERIAL 


Twenty-six patients were studied on the 
Infectious Disease ward of this hospital. There 
was no selection of material other than the 
presence of an acute infectious episode, either 
primary or superimposed on a chronic illness. 

Patients were fasted overnight. Venous blood 
was generally drawn into oxalated bottles before 
9 a.M. and sent to the routine laboratory for all 
tests except the eosinophil count. A part of the 
blood sample was retained and, using a Levy 
counting chamber of 0.2 mm. cell depth, an 
eosinophil count was done usually within a few 
hours by the method of Randolph.*-"* In 
several instances the retained portion of the 
blood specimen was kept at room temperature 
or in the refrigerator and repeat counts were 
done as late as twenty-four hours after drawing 
the blood. The counts showed surprising uni- 
formity within the limits of technical error and 
confirmed the fact that the eosinophil is the 
hardiest of the blood granulocytes’:**7!—"* and 
may live for ten to fourteen days.’? Usually, 
eosinophil counts were made daily and by the 
same individual in each patient. In a few pa- 
tients several counts were made during the same 
day or night. 

The normal values for the blood eosinophil 
count, as reported in the literature, show great 
divergence, both in maximum and minimum 
values (50 to 500 per cu.mm.) and in the mean 
value.’ For use in the diagram 200 per cu.mm. 
has been adopted as the most commonly ac- 
cepted normal value.*? In individual patients 
this may be too high or too low and this must be 
kept in mind in the interpretation of the dia- 
grams. To minimize such errors the eosinophil 
counts were continued, whenever feasible, until 


the values were reasonably stable. The diurnal 
variation in the normal count?:**’475 was 
avoided by standardization of the time of each 
count as described before. The danger of using 
single determinations for comparison’:’* was not 
discounted; interpretation was based on trends 
in the curve rather than on single values. 


ANALYSIS OF CLINICAL DATA 


Age and Sex. The twenty-six patients were 
typical of the average Veterans’ Hospital popu- 
lation, twenty-four males, of which two were 
Negro and two females. Fourteen of the patients 
were in the third decade of life, six in the fourth, 
one in the fifth, two in the sixth and three in the 
seventh. 

Fever. In general, the higher the temperature 
the more profound was the drop in the eosinophil 
count. Cases 1, 1, vi and xv showed a total 
absence of eosinophils during the height of the 
fever. On the other hand, Case v also showed a 
total absence when the temperature was less 
than 102°F. and Case tv at a time when the 
temperature reached 103.6°F. showed 62 eosin- 
ophils/cu. mm.; in Case v1 when the tempera- 
ture reached 106°r. the eosinophils varied from 
56 to 94/cu. mm. and in Case xiv a temperature 
of 104.5°F. was accompanied with an eosinophil 
count of 94/cu. mm. 

That the fever per se is not responsible for the 
eosinopenia can be seen in Cases 1, m1, Iv, vi and 
1x in which the eosinophils rose to normal or 
higher levels before subsidence of the fever. 

Leukocytes. Although in several cases, e.g., 
ul, V and vu, the eosinophil count was low when 
the total leukocyte count was high and the 
polymorphonuclear percentage was increased, 
in general a consistent correlation of leukocytosis 
and eosinopenia was not evident. Even the 
presence of total leukocyte and polymorpho- 
nuclear counts in the normal range, as in Cases 
v1, X and x1, did not seem to interfere with the 
eosinopenic reaction. 

Erythrocyte Sedimentation Rate. No consistent 
correlation was discernible in any direction. 

Clinical Status. The clinical appearance and 
severity of symptoms seemed to offer the best 
correlation with the eosinopenia. For instance, 
in Cases 1, 1, Vv, VI and vil symptoms were at 
their height when the eosinophils were absent 
or sharply reduced. However, the relationship 
was difficult to quantitate and the degree of the 
eosinophil reaction seemed to vary with the 
individual, possibly with his own normal base 
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line. In many cases the eosinophils rose to nor- 
mal or much higher 
patients were still sick (Cases 1, m1 and tv). In a 
few patients the eosinopenia persisted for vary- 
ing periods even after symptoms had disap- 
peared (Cases v, vu and x). It is of interest to 
note that the eosinophils did not seem to fluc- 
tuate with the extent or continuation of physical 
signs and the pathologic process. 

The length of time during which the ecosino- 
penia persisted was unpredictable. For instance, 
in Case vu the low eosinophil count was present 
for more than three weeks even though the 
patient became asymptomatic much earlier. 
Similarly, the postinfectious rise was variable in 
relation to the time of its appearance, its extent 
and its duration. The highest values were ob- 
tained in Cases 1, 1 and m. Case 1 was uncom- 
fortable but not toxic; yet the eosinophilia 
persisted for more than a week. In Case ny, a 
critically ill patient, it rose and fell sharply in a 
few days. 

Chronic illness did not seem to interfere with 
the eosinopenic response. Case vill, a patient 
with severe Parkinsonism; Case x1, with severe 
bronchial asthma; Case xu, with general debili- 
tation; and Case xiv, with bronchogenic car- 
cinoma—all reacted promptly to the acute 
infectious episode. 

Antibiotics did not appear to exert any in- 
fluence on the eosinophil count. If they improved 
the clinical status of the patient, the previously 
described changes were noted. 

Case xxvi was included in this series since the 
patient was originally referred with the diagnosis 
of influenza, but more especially because it 
illustrates the dissociation of the eosinopenia and 
pathologic findings. The eosinophil count rose 
even though the patient died several days later 
and showed extensive myocardial necrosis. 


(Figs. 1 to 26.) 
COMMENTS 


In general, our results are in agreement with 
those published by others. The good correlation 
of the eosinopenia with certain clinical aspects 
in a variety of infectious diseases and its failure 
' to correlate as consistently with the pathologic 
status seems to us significant, and compatible 
with the concepts discussed later. 

Our inability to correlate the erythrocyte 
sedimentation rate with the eosinopenia is not 
surprising since several factors are involved. 
Vaughan et al.’* showed recently that the sedi- 
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levels even while the . 


mentation rate cannot be used as an index of the 
effectiveness of ACTH or cortisone therapy even 
though eosinopenia is widely used. 

The failure of chronic illness in our patients 
to influence the eosinopenic reaction is note- 
worthy. Unfortunately, no early counts were 
made in Case xxv, an apparent exception. How- 
ever, marked eosinophilia is not uncommon in 
the later stages of malignant tumors exhibiting 
necrosis.77—7? 

Fever in itself has been assumed to be the 
common denominator in causing eosinopenia. 
Zappert® was one of the earliest to make this 
suggestion although even he was aware of excep- 
tions. This thesis has recurred again and again 
until recently®* but can no longer be seriously 
maintained as analysis of the available clinical 
material demonstrates. Our own data are corrob- 
orative. Altschule*! showed clearly that the 
degree of elevation of the temperature had no 
detectable effect on the amount of change in 
the blood eosinophils. There is even some recent 
evidence®?-** which suggests that the mechanism 
producing the eosinopenia depresses the fever. 

Since eosinopenia occurs often simultaneously 
with a neutrophilic leukocytosis, the postulate 
of a reciprocal relationship between the neutro- 
phil and the eosinophil, first promulgated by 
Ehrlich, * has persisted in the literature. Simon’s® 
“septic factor” furthered it. Arneth*' and 
Schwarz,* however, pointed out that the eosino- 
penia occurs independently of the presence of 
leukocytosis, and in many leukopenic diseases. 
Eosinopenia does not accompany physiologic 

osis.’*** The reappearance of the eosino- 
phil in the blood, confirmed in our own cases, 
does not regularly parallel the fall in the neutro- 
phil count in those patients with neutrophilic 
leukocytosis. It is quite probable, as recent 
work**-8 has demonstrated, that such a gen- 
erally reciprocal relationship exists, but it is 
not a necessary one. The overemphasis which it 
has received in the clinical literature may 
possibly be explained by the commonly used 
technic of blood counting. Reporting the 
varieties of white blood cells as percentage of 
total white cells in the blood smear tends 
to exaggerate inconsequential or apparent 
relationships. 

Differences in technics of counting blood 
eosinophils have led to controversy. The vast 
majority of workers have used the ordinary 
stained blood smear, either slide or coverslip, 
and have reported the results in percentage of 
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on 20 

=e 0 


D. I. = day of illness; T. = temperature in degrees Fahrenheit —e—e—e— Eos. = 


per cu. mm, --e---e-- ESR = 


Fic. 1. Case 1. Acute streptococcal tonsillitis. 
Fic. 2. Case u. Acute meningitis, cause unde- 
termined. 

Fic. 3. Case 11. Primary atypical pneumonia. 
Fic. 4. Case 1v. Acute pneumococcal bronchitis. 
Fic. 5. Case v. Lobar pneumonia, cause unde- 
termined. 

Fic. 6. Case vi. Primary atypical pneumonia. 
Fic. 7. Case vi. Pneumococcal pneumonia; rag- 
weed hayfever. 

Fic. 8. Case vit. Pneumonia, probably atypical; 
Parkinson syndrome. 

Fic. 9. Case 1x. Probably abortive poliomyelitis. 
Fic. 10. Case x. Acute pharyngitis, streptococcal 
and pneumococcal. 

Fic. 11. Case x1. Acute streptococcal pharyngi- 
tis; bronchial asthma. 

Fic. 12. Case xu. Pneumococcal bronchopneu- 
monia. 

Fic. 13. Case xu. Suppurative cervical lympha- 
denitis, staphylococcal. 

Fic. 14. Case x1v. Bronchopneumonia; squamous 


a 


0... 


hils 


sedimentation rate (Wintrobe) in mm./hr.; 
WBC = total white blood cell count in thousands/cu.mm.; PMN = per cent of polymorphonuclear 
leukocytes; <<< or >>> base line (200/cu. mm.) for eosinophils; _——-—— base line for tem- 


perature (98.6°r.); P = penicillin; A = aureomycin; S = streptomycin; Su = sulfonamides 


cell bronchogenic carcinoma. 

Fic. 15. Case xv. Acute exudative pulmonary 
tuberculosis; multiple sclerosis. 

Fic. 16. Case xvi. Diffuse bronchopneumonia; 
Fic. 17. Case xvu. Acute lung abscess; pyo- 
pneumothorax. 

Fic. 18. Case xvi. Streptococcal bronchopneu- 
monia. 

Fic. 19. Case x1x. Bronchopneumonia; angina 
pectoris; polypoid sinusitis. 

Fic. 20. Case xx. Streptococcal peritonsillar cel- 
lulitis. 

Fic. 21. Case xx1. Infectious mononucleosis. 
Fic. 22. Case xxu. Infectious hepatitis. 

Fic. 23. Case xxi. Upper respiratory infection; 
herniated nucleus pulposus of lumbar spine. 

Fic. 24. Case xxv. Tonsillitis, probably strepto- 
coccal; asthmatic bronchitis. 

Fic. 25. Case xxv. Bronchogenic carcinoma; ? 
pneumonia; pulmonary cystic disease. 

Fic. 26. Case xxvi. Acute myocardial infarction. 
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white cells. The direct count in the chamber and 
the reporting of eosinophils in absolute numbers 
has been used only sporadically until recently. 
It was recommended, however, as long ago as 
1888 by Mayet*®* and subsequently emphasized 
and refined, especially by Zappert,*'” Dunger, 
v. Domarus,** Rud’ and Randolph.*:® Of the 
two methods the former has been criticized as 
inaccurate and misleading; the latter is now 
considered to be the method of choice.*?+!7-49.75 

It was emphasized earlier in this report that 
the eosinopenic response was not a function of 
the specific disease entity, as was implied by 
many authors, but a non-specific reaction. From 
our observations and from published material 
the conclusion seems inescapable that the fall 
of circulating blood eosinophils is best correlated 
with the acuteness and the severity of the clinical 
condition. These terms are not easily definable 
but the general validity of the relationship is 
difficult to dispute. The mechanisms operating 
appear to be identical with those of Selye’s**:* 
‘“‘alarm reaction.” 

The now well known “alarm reaction” was 
first described®’ in 1936. That a fall in circulat- 
ing blood eosinophils is a constant feature of the 
‘alarm reaction” was further postulated in 1939 
by Dalton and Selye.** In the course of his 
development of the concepts of the “alarm 
reaction” and “general adaptation syndrome” 
Selye**:*® surveyed exhaustively a tangled mass 
of heterogeneous phenomena which he unified 
into acute and chronic stress phenomena. 

These phenomena were foreshadowed, often 
to a surprising degree, by the literature on the 
eosinophil. In 1893 Zappert*® showed that the 
circulating blood eosinophils fell after tuberculin 
injections. Capps® in 1896 observed that several 
hours after severe convulsions in paretics the 
eosinophils decreased. In 1910 Stdubli®® de- 
scribed eosinopenia following experimental in- 
travenous or intraperitoneal administration of 
egg albumin, bouillon, water and even physio- 
logic saline. In 1931 v. Domarus** summarized 
his conclusions of many years’ work, “Bei 
konsequenter Anwendung der Kammerzahlung 
der Eosinophilen liess sich bei einer grossen 
Zahl von Patienten der verschiedensten Art in 
zahireichen Fallen ein von der Norm ab- 
weichendes Verhalten in der Sinne konstatieren, 
dass auf der Héhe der Krankheit eine mehr 
oder weniger starke Verminderung oder voriiber- 
genhend sogar villiges Schwinden dieser Zellart 
beobachtet wurde. Dieses bisher in der Haupt- 
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sache nur von den Infektionskrankheiten her 
bekannte Phanomen kommt, wie unsere Beo- 
bachtungen lehren, tatsdchlich in gleicher 
Weise auch bei zahlreichen anderen nichtin- 
fektiédsen Krankheiten vor. Neu ist hierbei u. a. 
die Erkenntnis, dass die Verminderung der 
Eos. zum Teil auch bei klinisch leichten Erkran- 
kungen vorkommt. Die Eos. erweisen sich hier als 
ein sehr feiner Indicator einer voriibergehenden und 
fltichtigen Schadigung des Organismus.’’ (Italics 
ours. ) 

Similar findings were reported by others. 
Brown‘ in 1903 stressed the favorable prognostic 
significance of the presence of the eosinophil in 
various surgical conditions. Krumbhaar®! in 
1917 commented on the decrease or disappear- 
ance of eosinophils for many hours postopera- 
tively. These findings have, of course, been 
amply confirmed and extended recently.*?—*7 

When Bertelli, Falta and Schweeger® in 1910 
published their comprehensive experiments in 
dogs and in man, the fact was already well 
known that epinephrine, given parenterally, will 
cause a sharp drop in circulating eosinophils 
within four to five hours. This was confirmed by 
others and especially by Rosegger®® in 1933 but 
seemed to be of little practical importance until 
recently. 

In 1948 Hills et al.’ showed that ACTH 
produced eosinopenia by stimulating adreno- 
cortical secretion. Shortly after this discovery 
Forsham!” and Thorn! proposed the use of 
ACTH as a test of adrenocortical function. Fol- 
lowing Godlowski’s!® and Laragh and Almy’s!"* 
revival of interest in the eosinopenic poten- 
tialities of epinephrine, and Recant et al.’s!® 
demonstration that the effectiveness of epineph- 
rine was due to stimulation of the pituitary- 
adrenocortical system, this drug was adopted for 
practical use as a test of the integrity of the 
system. 

It is now clear that in acute infectious disease 
the body reacts, as it does to other forms of 
stress, by stimulation of the pituitary-adrenal 
system. Among the resulting phenomena is a 
reduction in eosinophils, the degree of reduction 
varying directly with the severity of the stress. 
As Selye*® has emphasized, the phenomena 
produced by any insult to the organism is 
compounded of both specific and non-specific 
factors. In any specific disease or infection these 
cannot always be disentangled and it is often 
difficult to correlate consistently many signs and 
symptoms, e.g., leukocytosis, fever. It is all the 
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more remarkable that eosinopenia is one of the 
more constant of the non-specific reactions 
whether it occurs in the course of disease or in 
the course of stimulation by epinephrine, 
cortisone or ACTH, and suggests that the 
eosinopenic response is probably a primitive 
one. 

These recent investigations have again stirred 
up interest in many dormant but unanswered 
questions about the eosinophil cell. It is now 
reasonably clear that protein or a derived 
molecule and the immune process are involved 
in the cell’s activities. However, attempts to 
relate it to antibody’ or antigen-antibody 
reaction! have not been conclusive. The func- 
tion of the cell is an almost complete mystery. 

Equally mysterious is the fate of the eosino- 
phils. The cells disappear from the blood rapidly. 
Where do they go, and what happens to such 
hardy cells? In high grade eosinophilias, such 
as found in Loeffler’s syndrome or tropical 
eosinophilia,!” parasitic infestation’ and even 
eosinophilic leukemia,’ fantastic numbers may 
disappear following epinephrine or ACTH in- 
jection. There is some evidence to indicate that 
the disappearance of the cells from the blood is 
not due to failure of production by the bone 
marrow!®:1!0 nor to their destruction in the 
spleen,” although temporary storage in the 
spleen has recently been suggested.!!! Josey® 
in his studies on experimental peritonitis found 
an increase in eosinophils in the peritoneal fluid 
simultaneously with a fall in the blood and sug- 
gested this as at least one possible mechanism. 
McNeil'!? injected rabbits cutaneously with 
Eberthella typhosa and studied lymph nodes by 
differential counts before, and for fifteen days 
after, injection. Within a number of hours the 
lymph nodes showed eosinophilic cell infiltration 
which lasted for forty-eight hours. The eosino- 
phils seemed to disintegrate eventually in the 
lymph nodes. Last’s'!* recent studies on dogs 
suggest that the eosinophil may disappear from 
the blood very rapidly, without apparently being 
destroyed. Following histamine injections he 
noted two types of eosinopenic response, an 
immediate precipitous drop within ten to fifteen 
minutes and then a slow rise within the next two 
to three hours to the levels of the delayed ACTH 
or cortisone type of response with a subsequent 
slower eosinopenic slope. 

What is the mechanism of postinfectious 
eosinophilia? The different morphologic and 
biochemical phenomena which are precipitated 


during stress (natural or ACTH and cortisone- 
induced) disappear during the “‘stage of resist- 
ance”’ and in many instances the direction of the 
change is reversed.** For instance, hypochlo- 
remia during the “‘alarm reaction” is followed 
with hyperchloremia during the “stage of 
resistance.” The 17-ketosteroids show increased 
urinary excretion for one to three days following 
stress but then decrease to below normal until 
returning to normal late in convalescence.''* 
This strong reversal of direction seems more than 
simple rebound and is analogous to the behavior 
of the eosinophils in infectious disease. Mild 
postinfectious eosinophilia possibly is under- 
standable as simple physiologic overshooting. 
However, the frequent height and duration of 
the eosinophilic rise, with even intense eosino- 
philia, indicate that this is at best a very limited 
explanation. The ecosinophilias of infectious 
disease are probably the resultant of nonspecific 
and specific factors (protein factors in the im- 
mune process), with the latter playing the 
stronger role. 

One of the more intriguing problems, posed 
recently, is the function in body homeostasis 
of the increase in adrenocortical function during 
acute infections. It has been assumed, reason- 
ably, that this is chiefly a protective factor. In 
adrenalectomized animals, as well as in patients 
with Addison’s disease, the lack of resistance to 
infections and other forms of stress is overwhelm- 
ingly documented.'®14* From these facts has 
evolved the clinical concept of adrenal exhaus- 
tion which occurs, under continuous severe 
stress, in animals and patients with intact 
adrenals. In grave infectious disease adrenal 
damage is frequently invoked as a deleterious 
factor and has been assigned a major role in the 
so-called Waterhouse-Friderichsen syndrome. 
However, numerous attempts, by means of 
treatment with ACTH or adrenal cortical 
hormones, to increase the body’s resistance 
under such circumstances have essentially 
failed.**:!!® Furthermore, as pointed out earlier 
in this paper, the more severe the infection the 
more depressed is the eosinophil count. In 
fulminating and fatal infections the count falls 
to zero early in the course and remains there 
until the patient’s death. This was one of the 
facts on which the prognostic value of the 
eosinophil count was based. Since the eosinophil 
is an exquisitely sensitive indicator of adreno- 
cortical activity, the more logical deduction 
would be to postulate increased rather than 
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decreased activity. By such a criterion the 
administration of cortical hormones during 
severe infections and stress would appear to be 
illogical and possibly harmful. Recent data 
bearing on such a possibility are of interest. 

Thorn et al.''® noted the failure of ACTH 
to prevent the development of herpes zoster 
in one patient, varicella in another and herpes 
simplex in several others. Similarly, cortisone 
did not prevent the development of herpes zoster 
in two patients. 

Tuberculosis is now considered to be a 
definite contraindication to the use of either 
ACTH or cortisone. Clinical and experimental 
studies'*°-!8 have amply confirmed the rapid 
amelioration of clinical signs and symptoms 
accompanied, however, with enhanced growth 
of the tubercle bacilli in the lesions and further 
spread of the disease. 

Kuzell and Mankle!** produced polyarthritis 
in rats with an L4 strain of a pleuropneumonia- 
like organism. Cortisone and terramycin were 
compared in their effectiveness as preventive 
and therapeutic agents. Terramycin was effec- 
tive but rats receiving cortisone “looked worse 
at the end of the experiments and weighed less 
than the controls.” 

Turner and Hollander!*’ found large numbers 
of Treponema pallida in experimental syphi- 
lomas in rabbits treated with ACTH and 
cortisone. When the cortisone was withdrawn, 
a rebound phenomenon occurred in which the 
syphilomas reached unusual size. 

Kass et al.'** treated three patients with 
pneumococcal and two with atypical pneumonia 
with ACTH. Defervescence and clearing of 
toxic symptoms were prompt. Despite this the 
bacteremia persisted in one patient and the 
rusty sputum in another. The pneumococci in 
the sputum were not phagocytosed by the 
polymorphonuclear leukocytes. One patient 
with pneumococcal pneumonia had an exacer- 
bation of symptoms while under ACTH therapy, 
and he later developed empyema. 

Glaser et al.'** found that mice experimentally 
infected with group A streptococci did less well 
when treated with ACTH or cortisone than 
when untreated. 

Mogabgab and Thomas!* infected rabbits 
intradermally with hemolytic streptococci. Us- 
ing the same dose in all animals, no death oc- 
curred in the controls. In animals pretreated for 
four days with 50 mg. cortisone daily, septicemia 
and death occurred in all, two to twelve days 
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after infection. Histologic study showed, in the 
latter group only, dense deposits of cocci, 
myocarditis and glomerulonephritic-like lesions. 

Shwartzman!*! concluded in recent studies 
that the susceptibility of mice and hamsters to 
experimental poliomyelitis is enhanced by 
cortisone. 

Following Smadel et al.’s'*? demonstration 
that patients with typhoid fever showed rapid 
clinical improvement under combined cortisone 
and chloramphenicol treatment, Woodward et 
al.'** treated seven patients with typhoid fever 
with cortisone alone. The clinical manifestations 
of the disease were controlled quickly. However, 
bacteremia and positive stool cultures persisted 
in several patients and two eventually received 
chloramphenicol. In one of the latter patients 
pericarditis was first noted several days after 
completion of the cortisone therapy. 

In growing the viruses of influenza (PR 8 
strain of A and Lee strain of B) and mumps 
(Habel strain) in chicken embryos, Kilbourne 
and Horsfall'** found the viral concentration 
in the allantoic fluids of cortisone-infected eggs 
to be over 100 to 600 per cent greater than in the 
control eggs. 

Using the PR 8 strain of influenza A, Loosli 
et al.'*® studied the course of experimental air- 
borne infection in mice. ACTH appeared to 
have a deleterious effect as indicated by the 
higher mortality rates in infected mice treated 
with this hormone. 

There seems little doubt from the foregoing 
data that ACTH and some adrenocortical hor- 
mones may have an adverse effect on acute 
infections in vivo. The total disappearance of 
circulating blood eosinophils in very severe in- 
fections suggests that a high degree of adreno- 
cortical activity is important. Quantitative data 
on experimental animals are fragmentary but 
there is some evidence that the size of the 
hormonal dose plays a significant part.!** 1% 
How general these effects are, or what role the 
animal species, the type of hormone, the 
antigen-antibody mechanism and a host of 
other factors play, is not evident at present. A 
few of these factors are reviewed in a recent 
article by Kass and Finland.'** We believe the 
following to be a reasonable working hypothesis 
in clinical acute infectious disease: any infection 
sets off the protective “‘alarm reaction,” which 
in mild or moderate infections is replaced fairly 
soon by the body’s usual defenses against in- 
fection. In fulminating infections the “alarm 


68 Eosinopenic Response in Acute Infections— Weiner, Morkouin 


reaction” is more violent; there is intense 
adrenocortical secretion, followed with further 
spread of an already virulent process, followed 
in ‘vicious cycle” fashion by further intensifica- 
tion of the adrenocortical activity. 


SUMMARY 


Recent revival of interest in the eosinophil 
cell is a by-product of the current intensive 
research into the function of the adrenal cortex. 

A historical survey of the eosinophil reveals 
an enormous mass of frequently controversial 
data which has accumulated during the past 
seventy years. These data have produced very 
limited conclusions about the cell proper, 
eosinopenia and eosinophilia. The function of 
the eosinophil is still largely a mystery. 

In acute infectious disease the prognostic 
significance of the circulating blood eosinophils 
has been known for many years. Their decrease 
or absence was considered a serious omen, their 
presence or reappearance a good clinical sign. 

For several reasons the role of the eosinophils 
in acute infectious disease is worthy of restudy: 
(1) Emphasis, until very recently, has been on 
their behavior as a manifestation of a specific 
disease. Their essential non-specificity went 
either unnoticed or was underemphasized. 
(2) That eosinopenia is of significance, or that 
it occurs at all, has been widely ignored in this 
country. (3) Correlation of the older data with 
the newer concepts may be productive. 

Twenty-six unselected patients taken from 
the routine admissions to the Infectious Disease 
Ward were studied. Serial blood eosinophil 
counts were made by means of the Randolph 
chamber technic and the results were correlated 
with a variety of items. The best positive cor- 
relation was achieved with the clinical appear- 
ance of the patient. 

Decrease or disappearance of the circulating 
blood eosinophils has been shown to be a sensi- 
tive as well as a constant indicator of increased 
adrenocortical function. This occurs in man and 
animals in various forms of stress, as the “‘alarm 
reaction” of Selye or after the administration of 
ACTH or cortisone. The eosinopenia of acute 
infectious disease is a manifestation of the “‘alarm 
reaction.” 

The fate of the eosinophil which disappears 
from the blood is unknown but the cell is 
probably not destroyed immediately. 

So-called postinfectious eosinophilia is proba- 


bly a combination of many specific and non- 
specific factors. 

Recent evidence has been accumulating to 
indicate that adrenocortical hormones may have 
a deleterious effect on certain acute infections in 
man or animals with intact adrenals. This 
mechanism may be operative in fulminating 
infections. 
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AST experiences have demonstrated the 
advisability of critically evaluating at 
intervals the technics employed in studying 
a phase of basic and applied physiology. Such 
an evaluation tends (1) to emphasize the desir- 
able aspects of the available methods and also 
their inadequacies and (2) to indicate the gen- 
eral type of new methods which should be 
developed. Since our knowledge of any research 
field is highly dependent on the intelligent appli- 
cation: of adequate investigational methods, a 
serious consideration of “‘methods”’ is warranted. 
These ideas apply especially to studies of the 
pressures developed in the digestive tract for (1) 
the inaccuracies and limitations of older research 
methods in this field were not accurately appre- 
ciated; (2) several investigational methods 
recently made available need comparison with 
older methods which they supplant or comple- 
ment; (3) considerable re-emphasis has devel- 
oped on gastrointestinal studies to correct or 
advance basic knowledge regarding this system 
in health and disease, and also for evaluating 
the actions of new drugs, the effects of ionizing 
radiation, the effects of emotional states, etc. 
Some research methods can be recommended 
because they are relatively simple. The technic 
may be easy to learn or relatively simple appa- 
ratus may suffice. However, exact information 
usually is obtained only by employing consider- 
able technical skill or the use of complex equip- 
ment. No royal road leads to the secrets of 
gastrointestinal function. A false sense of accom- 
plishment may be associated with certain simple 


technics and the incautious worker may easily 
collect many records but obtain little significant 
information. 

The major activities of the digestive tract 
involve (1) the formation of secretions, (2) the 
absorption of gut contents and (3) the develop- 
ment of pressure. Pressure development is most 
strikingly illustrated in the oral cavity where 
skeletal muscle contractions may produce pres- 
sures of 200 pounds per square inch between 
opposing molar teeth. Adequate mastication 
makes the food more plastic, less traumatizing 
and greatly facilitates the subsequent propulsion 
of food along the gut. By increasing the surface 
area of the food particles, mastication augments 
the contact between enzyme and substrate and 
thus facilitates digestion. Pressures developed by 
contractions of the gut wall are responsible for 
the additional crushing and mixing of food 
which occurs in the remainder of the digestive 
tract. 

Propulsion of material along the digestive 
tract is dependent on a pressure gradient be- 
tween two adjacent sections.':? The expulsion 
of the gut contents by vomiting or defecation 
depends on the presence of the material at the 
appropriate body orifices at pressures exceeding 
atmospheric pressure. Such expulsion of the 
contents may result from pressures produced 
entirely by gut contractions as occurs in regurgi- 
tation of gastric contents or the involuntary 
passage of flatus or feces. Usually the pressure 
gradients involved in vomiting or defecation 
result from a combined contraction of the gut 
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muscle and the simultaneous contraction of the 
diaphragm and abdominal muscles. The result- 
ing general increase of intra-abdominal pressure 
is transmitted to the contents of the digestive 
tract and promotes their evacuation. The gen- 
eral increase in intra-abdominal pressure devel- 
oped by straining, coughing or retching pro- 
duces a pressure gradient between the gut 
contents and the outside; but since it does not 
produce a localized pressure differential be- 
tween adjacent parts of the tract, it usually does 
not cause propulsion or the expulsion of the gut 
contents especially when the sphincters are 
competent. 

Moderately increased intralumen pressure 
within the gut is one of the most common and 
effective stimuli for augmenting gastrointestinal 
motility. The increased intralumen pressure and 
the associated stretching of the stomach or the 
intestine by the entrance of a meal effectively 
augments gastric® or intestinal secretion‘ and 
may also modify intestinal absorption.°® 

Excessive pressures develop in the gut lumen 
when the following conditions act independ- 
ently, or more frequently, simultaneously; (1) 
excessive quantities of material are introduced 
into the gut through one of its orifices or is 
secreted by its glands, (2) faulty propulsive 
activity fails to distribute or expel the contents 
and (3) an obstruction of the tract prevents 
adequate propulsion. 

Excessive intralumen pressures result from 
overeating or drinking, excessive air swallowing, 
acute gastric dilatation, postoperative disten- 
tion, intestinal obstruction, imperforate anus, 
etc. The exaggerated effective intralumen pres- 
sures developed during marked and sudden 
reductions in ambient pressure associated with 
the ascent of aviators or deep-sea divers has 
received much attention. 

Excessive intralumen pressures in the digestive 
tract may produce pain, collapse, respiratory 
and cardiovascular irregularities, vomiting, a 
general inhibition of gastrointestinal motility, 
accumulation of digestive secretions, inter- 
ference with the blood flow (especially the 
venous return) in the distended region, gangrene 
and perforation.*-* The development of a pres- 
sure gradient between the gut lumen and the 
abdominal cavity is essential for the final per- 
foration of a penetrating ulcer of the alimentary 
tract and for the escape of contents through the 
opening. By accurately recording pressures from 
the gut lumen and immediately adjacent to it 


in the abdominal cavity we have observed large 
pressure gradients between these areas associated 
with vigorous peristaltic contractions. Such 
gradients could perforate weakened portions 
of the gut wall or discharge gut contents into 
the abdomen through a suitable perforation. 

Accurate registration of intralumen pressure 
from the gut is predicated on an appreciation of 
the physical factors involved in the production 
of these pressures. An increase of intralumen 
pressure in a segment results from a force 
(usually produced by contraction of the muscu- 
lar coats) which tends to reduce the volume of 
the segment. The pressure is related to the 
magnitude and rate of the volume change. Such 
a reduction of volume expels some of the segment 
contents but this tendency is opposed by a 
resistance from adjacent structures to this ex- 
pulsion. The pressure, P = (dV/dt) R, where 
dV /dt represents the time rate of volume change 
and R represents the resistance to escape of the 
segment contents; 1/R = 1/R. + 1/R,, where 
R, is the resistance to the orad escape of segment 
contents and R, the resistance to analward 
expulsion. 

The character of the problem of intralumen 
pressure registration was not carefully analyzed 
and the essential technic was not applied to 
digestive tract studies prior to 1938. The term 
‘“‘pressure’’ was uncritically applied to records 
from apparatus which incorporated one or more 
vitiating factors and thus was incapable of 
accurately recording gut pressures. Frequently, 
a thin-walled naked balloon of condom rubber 
was placed in the gut lumen via the oral or anal 
opening or by fistulas and connected to a sensing- 
device. Small balloons were employed to record 
from a small area. If the balloon was large, it 
constituted a foreign body which might seriously 
modify motility in the gut segment. The pres- 
sures developed within a balloon represented 
the algebraic sum of the numerous pressures 
acting on the balloon periphery. Thus a con- 
traction on one portion of a large balloon might 
be counterbalanced by relaxation in an adjacent 
region; the record would indicate pressures 
different from those developed by the segment 
containing no balloon. Multiple or tandem 
balloons recording from contiguous areas pro- 
vides more satisfactory information regarding 
motor activity from an extensive portion of the 
gut. 

A contraction wave in a gut segment produces 
pressures within the balloon lying in the segment 
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which vary according to the size and shape of 
the balloon. Thus the intraballoon pressure may 
vary greatly from the intralumen pressure. Also 
the balloon constitutes an artificial cavity which 
offers an artificial resistance to the orad and 
aborad escape of contents, i.e., its R, and R, may 
be related more to the balloon elasticity than 
to the R, and R, naturally occurring in the 
segment. For example, if the gut at either end 
of the balloon were patulous, the segment R, 
and R, would be essentially zero and a contrac- 
tion at the balloon site would develop practically 
no intraluminal pressure. However, such a 
contraction should develop significant intra- 
balloon pressure since the balloon wall provides 
values for R, and R, which are related to the 
balloon elasticity. 

The pressure-sensing device requires some 
volume change to “‘drive”’ it. This volume change 
is significant when water or bromoform manom- 
eters or loose tambours are employed. Thus a 
complex of the pressure and volume change within 
the gut segment is recorded which has defied 
accurate interpretation. This error is diminished 
by employing devices with lower volume/ 
pressure ratios such as the mercury manometer 
or spoon capsule. The inertia of all these devices 
except the spoon capsule is much too great for 
accurate registration of the rapid components 
of the pressure changes we have recorded from 
the gut with adequate equipment.*:!° We have 
given this subject rigorous theoretic and experi- 
mental consideration in previous publications. ?:'° 

If a water or bromoform manometer or loose 
- tambour having a high volume/pressure ratio 
is employed, sufficient escape of segment con- 
tents occurs through the artificial channel to 
lower the intralumen pressure significantly. 
Thus in the formula P = (dV/dT) R, a factor 
R,, (resistance of flow into the manometer) is 
added and 1/R = 1/R, + 1/R, + 1/Ra. With 
pressure-sensing devices having a high volume/ 
pressure ratio, Rn is small and may greatly 
modify the intralumen pressure. Such apparatus 
may be incapable of recording the maximal 
intraluminal pressures which are developed for 
the total contents of the segment may be inade- 
quate to drive the sensing-device to the true 
pressure. We emphasized this failure by record- 
ing with adequate equipment pressures exceed- 
ing 100 cm. in a gut segment having an estimated 
volume less than 5 cc. If the same segment were 
connected to a common water manometer 
having a volume/pressure coefficient of 0.5 cc/ 
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cm., the maximal pressure to which the manom- 
eter could be driven by expelling all the 
segment contents through the artificial channel 
would be less than 10 cm. 

If a definite volume of air is introduced into 
the balloon-manometer system, first with the 
balloon in air and later with the balloon in the 
gut, the differences in pressure developed within 
the system roughly measures the gut tone 
(“resistance of the muscle to a stretching force’’) 
at the location of the balloon. Similarly, a crude 
determination of muscle tone (“‘resting length 
of the muscle’’) can be obtained by comparing 
the volume of air which must be introduced into 
the system to produce a certain pressure, first 
when the balloon is outside the body and second 
after the balloon is in the gut. Many investiga- 
tors employ these technics without appreciating 
what can be accomplished by them or especially © 
the limitations of the methods. The method 
favored by an investigator or the modifications 
of technic introduced by him has usually been 
determined by individual prejudice rather than 
an appreciation of the problems in physics 
involved or the suitability of the apparatus to 
the investigation. 

If the quantity of air introduced into the 
balloon is sufficient to stretch the gut, contrac- 
tions are initiated and the record represents the 
*“induced”’ activity rather than the “spontane- 
ous” activity. The balloon which is inflated 
enough (probably above 10 cm. water pressure) 
to interfere with venous return in the stretched 
area simulates digestive tract obstruction and 
thus is abnormal. Such excessive stretching may 
greatly modify or even reverse the effects of 
stimuli. 

Significant reproductions of the normal motor 
activity in that portion of the tract in which the 
balloon lies can only be obtained provided the 
subject is unanesthetized and free of physical or 
mental traumatic factors. This necessitates 
extensive training of the animal or human subject. 
Investigators who ignored this requirement and 
studied untrained subjects obtained records 
greatly influenced by vitiating factors. Such 
records have served chiefly to re-emphasize the 
high susceptibility of the gut to disturbing mental 
upsets or physical distress and have confused 
more then they have contributed toward a 
solution of the primary problems of the investi- 
gation. Hard, rigid or rough tubes have been 
employed to connect balloons to the sensing- 
device. The distress produced by such tubes 
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certainly militates against the production of 
normal motor activity by the gut. 

The balloon-water manometer technic will 
continue to find extensive use in studies on the 
digestive tract. It provides a relatively simple 
method of recording what may be expressed by 
the inexact term “motor activity” of the gut. 
The device cannot measure any activity pre- 
cisely and it is erroneous to express. the results of 
such studies in terms which imply anything 
more than rough approximations. Accordingly, 
the results obtained from simple forms of the 
balloon-water manometer can be about as 
satisfactory as from more elaborate forms of this 
device. “Improvements”? on the construction 
of this device or the interpretation of the records 
it produces usually do not contribute a real 
advance; they may actually be objectionable 
by producing a false promise of progress or by 
obscuring the fundamental factors. 

Most of the inaccuracies in pressure registra- 
tion which are inherent in balloons may be 
avoided by recording from open-ended tubes 
placed in the gut lumen. If they are combined 
with a pressure-sensing device of low volume/ 
pressure ratio, accurate pressure registration 
can be achieved. A satisfactory pressure pick-up 
combined with a satisfactory pressure-sensing 
device is essential to accurate pressure recording. 
Improving only one component accomplishes 
little more than a false sense of achievement as 
is illustrated by the balloon-spoon capsule com- 
bination. If the open tube within the gut is 
attached to a water manometer (Schreiber!*), a 
significant artificial channel is provided for the 
escape of gut contents and the intraluminal 
pressure is reduced. Also if much of the gut 
contents enters the tube, it damps or blocks the 
pressure variations transmitted to the recorder. 
When the pressure-sensing device has a low 
volume/pressure coefficient, sufficient gut con- 
tents do not enter the open tube leading from 
the gut lumen to prevent accurate pressure 
registration. However, when air conduction is 
employed, high intralumen pressures will com- 
press the air and will force significant volumes 
of contents into the tubing. By catching this in 
expanded tips, obstruction of the connecting 
tubing is avoided. We have also found it ad- 
vantageous to maintain a flow of 2-4 cc./hour 
of the pressure conducting gas or liquid into the 
system from an appropriate “bleeder.’? This 
subterfuge keeps the open tip cleared but does 
not interfere with accurate pressure registration. 


We originally recorded intralumen pressures 
acurately by air transmission through a small 
bore open-ended tube to an optical manometer 
of small internal volume.''* Air transmission 
permitted us to set our apparatus at atmospheric 
pressure without the corrections for hydrostatic 
pressure which are essential with liquid trans- 
mission. The open tube-optical manometer 
technic seems to us especially satisfactory for 
investigating human subjects. We have also 
developed or adapted several electrical sub- 
stitutes for the optical manometer. Although 
they require somewhat more expensive equip- 
ment, they are well suited to studies on dogs or 
humans especially since they permit alteration 
of the sensitivity of the recorder over a wide 
range during the experiment. 

Since the movements of the gut are relatively 
slow, it might be assumed that the associated 
changes in intralumen pressure are equally 
sluggish and that the faithful registration of such 
changes would not exceed the dynamic capa- 
bilities of so sluggish a device as a water manome- 
ter. However, with adequate apparatus having 
little inertia, we demonstrated the occurrence 
of unexpectedly rapid changes in intralumen 
pressures. In some instances the pressure rose in 
an essentially linear manner from basal to 
maximal value within one second. Decay to 
basal pressure occurred during the succeeding 
second. An analysis of manometer dynamics has 
shown that the conventional water manometer 
has a natural frequency less than 1 cycle/second 
and is incapable of faithfully following such 
rapid pressure changes.'® A manometer possess- . 
ing a natural frequency of 30 cycles/second will 
provide an excellent reproduction of the pressure 
waves occurring in the gut; usually a frequency 
of 15 per second is satisfactory. Since the natural 
frequency of a manometer is directly propor- 
tional to its “rigidity,” the smaller its volume/ 
pressure coefficient the higher will be its natural 
frequency. If a pressure-sensing device is “‘rigid”’ 
enough to satisfy the volume change require- 
ments of intralumen manometry, it usually will 
also be “rigid”? enough to satisfy the dynamic 
response requirements. 

The two-channel optical manometer appa- 
ratus which we employed extensively in the 
registration of intralumen pressures from the 
human gastrointestinal tract is shown in Figure 1. 
Intralumen pressures exerted against the mouths 
of two open-ended soft plastic tips (length 
1.1 cm., external diameter 5.1 mm., internal 
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bore 3.8 mm.) are transmitted by air along 
narrow bore plastic tubing (internal diameter 
0.75 mm.) to optical manometers of 0.06 cc. 
internal volume. The manometers are capped 
with thin rubber membranes stretched to about 
four times their unstretched dimensions. A 
vulcanite peg, 1 mm. in diameter and 1 mm. 
tall, is cemented eccentrically on each mem- 
brane. A mirror consisting of a small square of 
0.5 diopter plano-convex lens silvered on the 
plane surface, is mounted on each peg. Bulging 
of the membrane induced by the transmitted 
intralumen pressure causes rotation of the 
mirror about the base of the peg and correspond- 
ing deflection of the reflected beam on the 
photokymograph. 

A third tube, which terminates in a distally 
located balloon, is bonded with the two open- 
ended tips into an integral unit. During use the 
remainder of the tubing lengths are loosely held 
together by a sheath of }4 inch Penrose rubber 
drainage tubing. A small amount of mercury in 
the balloon assists in passing the tubing assembly 
through the pylorus if areas beyond the sphincter 
are to be investigated. After the desired position- 
ing of the open tips has been accomplished under 
fluoroscopic guidance, the mercury is usually 
aspirated from the balloon and thus further 
wandering of the open tips is minimized. 

The oro- and nasopharynx of the subject are 
anesthetized by the topical application of 2 per 
cent butycaine sulfate. The subject then swallows 
the tubing assembly. When the distal end of the 
assembly has reached the vicinity to be studied, 
the proximal ends are connected to an intra- 
nasal catheter which is then retracted so the 
final route of the tubing assembly is pernasal. 
During the introduction and localization of the 
manometer tubing, plugging of the tubing with 
gut contents is prevented by moderately taut 
condom rubber membranes tied over the open 
ends of the tips against thin brass ring inserts. 
After localization of the tips has been achieved, 
the protective membranes are ruptured cleanly 
by rapidly injecting 5 cc. of air into the tubing. 

The natural frequency of each manometer 
and its associated components under conditions 
of use is approximately 25 cycles/second. The 
dynamic damping ranges from 50 to 100 per 
cent of the critical value depending upon the 
viscosity of the gastrointestinal contents. The 
total volume of each manometric system is 
0.8 cc. and the volume of each open tip is 
0.1 cc. These manometers are capable of re- 
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cording a rise of intralumen pressure of 150 cm. 
of water before the resulting compression of the 
transmitting air column causes the passage of 
intestinal contents beyond the open tips into 
the narrow bore connecting tubing. The 0.1 cc. 
volume change associated in this apparatus with 
a rise in intralumen pressure to 150 cm. of water 
is contrasted with the 75 cc. volume change 
which would be necessary to “drive” the average 
water manometer to this pressure. Our recent 
refinements’ in the open tube technic produced 
apparatus which requires less than 0.02 cc. 
volume change to “drive” it to a reading of 
150 cm. of water pressure. This apparatus can 
record pressure to amaximum of +1,000 cm. of 
water. 

An electrical pressure transducer having the 
dead space filled with a liquid is much more 
“rigid” than an optical manometer. The result- 
ant decrease of compressible volume permits a 
satisfactory dynamic response when such a 
transducer is recording from the gut lumen 
through significantly smaller tips and connecting 
tubing than was required by the optical ma- 
nometer. In animal experimentation open-end 
tips 8 mm. long and 3 mm. wide are satisfactory. 
The tubing which connects the open-end tip to 
the transducer has an external diameter of 
0.75 mm. and a bore of 0.4 mm. The internal 
compressible volume of this device is only 
0.1 cc. and it is capable of recording more than 
650 cm. of water pressure before gut contents 
enter the connecting tube. This capacity for 
recording high pressures has proved valuable 
since we have frequently recorded phasic pres- 
sure spikes of approximately 475 cm. of water 
from the canine gastrointestinal tract. When 
the length of the connecting tubing is increased 
sufficiently to be applicable in human studies, 
the dynamic response of the apparatus becomes 
seriously overdamped. This defect is readily 
corrected by substituting hydrogen for air as the 
gaseous pressure-conducting medium in the 
connecting tubing. 

A number of electrical pressure transducers 
are now commercially available. We employed 
two of the “variable capacitor” type (Sanborn 
Electromanometer and Technitrol’s Lilly ma- 
nometer) and one of the “unbonded strain 
gauge” type (Statham Laboratories). The 
variable capacitor types proved unsatisfactory 
due to excessive instability in the high sensitivity 
ranges. The Statham transducer (Model P23- 
15G-2000), when employed with a carrier-type 


78 Intraluminal Pressures of Gastrointestinal Tract—Quigley, Brody 


bridge amplifier of our design, is adequately 
stable at any desired sensitivity range. The 
commendable aspects of this strain gauge 
arrangement are emphasized by the observation 
that it is capable of essentially the same sensi- 
tivity as the water manometer (0.5 cm deflection 


MANOMETER DETAIL 


strain gauge transducer described above, re- 
sulted in a technic suitable for use in animals in 
which the only foreign object in the gut lumen 
is a short length of soft plastic tubing 1.25 mm. 
in external diameter. This is the most physiologic 
pick-up device we have achieved. The open tip 
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Fic. 1. Apparatus for accurate, continuous registration of intralumen pressures 


from the upper digestive tract. 


per cm. water pressure), its dynamic response is 
approximately 40 times that of the water ma- 
nometer and it requires only about 14990 as 
much volume change to “drive’’ it. 

Because the internal volumes of our mano- 
metric systems are so small, even minute leaks 
will eventually permit gastrointestinal contents 
to enter the connecting tube. In earlier appa- 
ratus, such as shown in Figure 1, plugging of 
the connecting tube was prevented by forcibly 
injecting a small quantity of air into a side tube 
at ten- to fifteen-minute intervals. The “bleeder”’ 
technic has now supplanted this procedure. Air 
under approximately half an atmosphere of 
pressure ig permitted to leak into the side tube 
through a very fine constriction at the rate of 
3 to 5 cc. per hour. This rate of flow keeps the 
tubing free of obstructing material without 
affecting the desirable characteristics of the 
system. The “‘bleeder’’ technic also insures a 
sufficient volume within the tubing to “drive” 
the manometer. 

We have substituted normal saline solution 
for the gaseous pressure-transmitting medium 
and thus have eliminated the enlarged open-end 
tip. In this technic saline bleeds into the system 
instead of air. This modification, applied to the 


records essentially from a point in the gut lumen. 
We observed that the gut tends to form isolated 
cavities or pockets, and the open-tip would 
accurately record the pressure existing in one 
of these pockets. The balloon would record the 
motor activity existing within an area of a size 
partly determined by the size of the balloon. 

The methods we developed for the accurate 
registration of the pressures within the gut are 
applicable to the registration of the pressures 
developed in other cavities. As an example of 
such an application we punch a number of small 
perforations into the distal }4 cm. of such tubing 
as is described above, introduce it directly into 
the peritoneal or thoracic cavity through a 
No. 15 needle, and employ it for accurately 
recording intraperitoneal and_ intrathoracic 
pressures by a technic similar to that employed 
for digestive tract studies. This is the first 
application of a method which meets the 
physical requirements for the accurate regis- 
tration of intraperitoneal and intrathoracic 
pressures. 

The technics for accurate intralumen pressure 
registration we have described thus far have all 
been of the pressure conduction type. That is, 
pressures developed within the gut lumen are 
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transmitted to an external pressure-sensing 
device. Such technics are both physically and 
physiologically adequate, but they impose con- 
siderable restriction on the movement and 
position of the subject. Furthermore, since the 
total internal volume of the device should be 


is supported by our experience with a subject 
having an acute, mild gastritis following over 
indulgence in alcohol and excessive smoking 
approximately twelve hours preceding our 
studies. We recorded intralumen pressures 
(Fig. 2) from his gastroduodenal region while 
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Fic. 2. Intralumen pressures recorded from the proximal and distal gastric antrum. The short horizontal bars 
indicate the intervals during which the subject experienced epigastric pain. 


low, the connecting tube should be relatively 
short. To overcome this difficulty we constructed 
pressure transducers small enough to be intro- 
duced directly into the lumen of the gut so the 
connection between the internal and external 
members of the apparatus was electrical rather 
than hydraulic. Subminiature transducers based 
on the principle of the carbon button micro- 
phone, the variable electrolytic cell and the 
variable capacitor gave us only partial satisfac- 
tion. We recorded’® intralumen pressure with 
some success using our modification of the 
miniature differential transformer originally 
designed by Wetterer.'® Hightower" also re- 
ported encouraging results when recording 
intralumen pressure with the Gauer modifica- 
tion of the differential transformer principle. 
However, this claim becomes suspect since the 
in vivo transducer appeared to give the same 
pressure values as a balloon in the same portion 
of the gut. At present some type of subminiature 
in vivo transducer gives promise of eventually 
being sufficiently refined to constitute the 
simplest as well as the most flexible device for 
intralumen pressure registration. 

Deranged motor activity of the gut is a com- 
mon cause of distress but ordinary methods may 
not disclose the nature of the abnormality. Thus 
a new and sensitive method of studying digestive 
tract motility may provide a better understand- 
ing of some digestive disturbances. This concept 
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he was experiencing rhythmic, burning, mid- 
epigastric pain. The subject closed an electrical 
circuit during his periods of distress and thus 
recorded these intervals on the intraluminal 
pressure tracing. During the initial phase of this 
study the correlation between the subject’s dis- 
tress and the phasic pressure spikes was reason- 
ably good. During the latter portion of the — 
experiment, when the subject had trained 
himself to perceive his sensations more exactly, 
even better correlation was achieved. Several 
pressure spikes of approximately 95 cm. of 
water were recorded during this experiment. 
When the subject was free from gastritis, pres- 
sures of only 50 to 60 cm. were produced in the 
same region and the subject experienced no 
distress. 

Vagotomy probably always produces some 
alteration in gastroduodenal activity, but these 
changes may at times be too minute for recogni- 
tion by ordinary study methods. In two of our 
subjects shown by insulin and nocturnal secre- 
tion studies to be completely vagotomized, no 
roentgenologic evidence of depressed gastro- 
duodenal motility was apparent. However, our 
pressure studies (Fig. 3) revealed almost com- 
plete absence of phasic pressure waves in this 


region. 

The influence of gastrointestinal intralumen 
pressures on the translocation of contents has 
been extensively studied in relation to gastric 
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evacuation. The open tube-optical manometer 
method was employed in humans and unanes- 
thetized dogs to record accurately the pressures 
simultaneously from two portions of the gut 
about 18 mm. apart. The pressure was recorded 
from the extreme lower end of the pyloric 
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length of the antrum to the sphincter in eight 
to twenty seconds. Deep cutting, progressive 
waves obviously propel the antral contents but 
even the more shallow waves which do not 
completely occlude the lumen elevate the pres- 
sure on the mass and cause it to move forward. 


| | 


Fic. 3. Upper and middle records show the pressures developed in the first and second portion of the duodenum 
of a subject with peptic ulcer. Bottom record shows the pressures developed in the same regions of the subject 


following vagotomy performed on April 9, 1947. 


antrum and from the first portion of the duo- 
denum. Fluoroscopic observations were also 
made of the evacuation of a radio-opaque meal 
from the stomach. As a bolus began to pass 
through the pyloric sphincter, a key was closed 
and then reopened as the last of the bolus was 
evacuated. Thus a record showing the onset 
and termination of the bolus passage through the 
sphincter was recorded on the same photo- 
graphic paper employed to record the intra- 
lumen pressures. Numerous studies of this type 
have shown that gastric evacuation follows a 
comparatively simple basic pattern. 

With a subject in the horizontal position, an 
ingested meal collects in the gastric body and 
fundus under a comparatively constant pressure 
of 3 to 6 cm. of water. On this tonic or basal 
pressure weak rhythmic kneading and mixing 
contractions with their resultant low pressure 
spikes are superimposed at a rate of five to 
seven per minute. Periodically a portion of this 
material is squeezed into the pyloric antrum 
and is propelled by a peristaltic wave the entire 


On reaching the gastric side of the sphincter 
the bolus is under a pressure of 4 to 6 cm., the 
pressure on the duodenal side of the sphincter is 
2 to 4 cm. and the sphincter is open. The result- 
ing pressure gradient of 2 to 4 cm. causes the 
bolus to begin passing through the relaxed 
sphincter in “Gastric Evacuation Phase A.” 
The pyloric sphincter now begins to contract 
and the last portion is evacuated during “‘Evacu- 
ation Phase B” despite the gradually increasing 
resistance offered by the sphincter. As the 
sphincter closure becomes more complete, the 
pressure in the terminal antrum rises sharply for 
the contents are acted upon proximally by the 
advancing antral wave and distally by the 
closing sphincter. Thus the pressure on the 
contents mounts to 20 or 30 cm. The proximal 
duodenum is still relaxed (receptive) and its 
intralumen pressure remains between 2 and 
4 cm. The pressure gradient between antrum 
and duodenum, which rises from 2 to 28 cm. is 
sufficient to overcome the resistance offered by 
the sphincter and evacuate the last portion of 
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the bolus. Thus practically all of the chyme 
which approached the sphincter usually passes 
through during the cycle. 

As the sphincter contraction reaches its peak, 
the first portion of the duodenum contracts, a 
pressure of 15 to 30 cm. is quickly established in 
this area and the contents are evacuated. Since 
the sphincter at this moment is entirely closed, 
the material cannot return to the antrum but 
is forced into a more distal portion of the 
duodenum, that is, into an area in which a 
lower pressure and a lower resistance to flow 
momentarily exists. 

This cycle of propulsive peristaltic waves, 
associated pressure increases and establishment 
of pressure gradients continues rhythmically 
in the pyloric region until the stomach is en- 
tirely evacuated. Propulsion of material through 
the digestive tract is always dependent on 
intraluminal pressure gradients between im- 
mediately adjacent portions of the gut. The 
pattern of propulsive peristalsis, pressure gradi- 
ent and translocation of material occurs 
through the entire tract in a manner similar to 
that which we observed in the pyloric region. 


SUMMARY 


The intraluminal pressures of the gut have 
been considered from several points of view. 

The balloon-water manometer technic has 
been reviewed and its limitations for the 
accurate registration of pressures have been 
considered. 

Several methods have been described which 
permit the accurate registration of the pressures 
developed in the digestive tract of man or 
animals. 

The results of accurate intralumen pressure 
studies have been presented in regard to the 
normal values, and the pressures involved in gas- 
tric evacuation in normals and in patients with 
peptic ulcer, gastritis and following vagotomy. 
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Fever of Unknown Origin 
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HE patient, E. M. (No. 206816), was a 

white married grocer, fifty-three years of 

age, who entered the Barnes Hospital for 
the first time on February 26, 1952, because of 
fever, malaise and anorexia of eight months’ 
duration. The family history was non-con- 
tributory. The patient had enjoyed good general 
health. He had been a “heavy drinker’ for 
many years and had smoked a moderate number 
of cigars. 

During the summer of 1951 he noted the 
gradual onset of malaise, anorexia, fatigue and 
lethargy. These symptoms persisted and in 
August of that year he began to have shaking 
chills, night sweats and daily temperature ele- 
vations to 103° and 104°r. About September 1st 
he noted swelling of the right lower leg and foot. 
The involved area was painful and warm. He 
was admitted to another local hospital on 
September 21, 1951, where an excellent diag- 
nostic study was performed. The pertinent 
physical findings included a temperature of 
103°F., tachycardia and slight icterus. Labora- 
tory studies revealed a red blood cell count of 
2,730,000 with 9 gm. of hemoglobin. The white 
blood cell count was 9,700, the differential 
count showing 33 band forms, 51 segmented 
forms, 14 lymphocytes and 2 monocytes. The 
sedimentation rate was 32 mm. per hour. 
Urinalysis revealed 1+ albuminuria, 3+ glyco- 
suria and 5 to 10 white blood cells per high 
power field in the centrifuged sediment. The 
urine was slightly positive for bilirubin, and the 
urine urobilinogen excretion was 21.6 mg. per 
twenty-four hours. The stool examination was 
negative. Two fasting blood sugars were 164 mg. 
per cent and 280 mg. per cent, respectively. 
The non-protein nitrogen was 30 mg. per cent, 
the total proteins 5.1 gm. per cent, with albumin 
3 gm. per cent and globulin 2.1 gm. per cent. 
Agglutination tests against typhoid, paratyphoid, 
brucella and OX-19 antigens were negative. 
Cold agglutinins could not be demonstrated in 


the serum. Liver function tests were reported as 
follows: cephalin-cholesterol flocculation test, 
negative; thymol turbidity, 12.5 units; icterus 
index, 8 units; sodium bilirubinate, 0.6 mg. per 
cent; bilirubinglobin 2.2 mg. per cent. | 

Although the patient was treated with peni- 
cillin and streptomycin and given multiple blood 
transfusions, his fever persisted. Further labora- 
tory data obtained on October 9, 1951, revealed 
a total protein of 6.4 gm. per cent with 2.5 gm. 
per cent albumin and 3.9 gm. per cent globulin. 
The cephalin-cholesterol flocculation test was 
4+, the thymol turbidity 7.5 units. There was 
39 per cent retention of bromsulphalein at 
forty-five minutes, the sodium bilirubinate was 
1.5 mg. per cent and the bilirubinglobin 2.3 mg. 
per cent. Roentgenograms of the chest and a 
gastrointestinal x-ray series were said to have 
been negative. 

The patient was then given terramycin, 
500 mg. every three hours; this medication 
apparently controlled his temperature and he 
was discharged from the hospital and advised 
to continue taking terramycin. Subsequently, 
however, he did poorly. Fever, marked malaise 
and anemia reappeared, and the patient was 
again admitted to the outside hospital. 

Because it was suspected that he might have 
a liver abscess, he was subjected to exploratory 
laparotomy on January 22, 1952. The liver was 
described as having “a fatty appearance.” No 
abscess was seen. Subsequent to operation the 
patient did not do well. On the fourth post- 
operative day his white cell count was 51,300, 
the differential showing 3 myelocytes, 2 meta- 
myelocytes, 31 band forms, 60 segmented forms, 
3 lymphocytes and 1 monocyte. A bone marrow 
examination showed marked stimulation of 
neutrophilic elements and an increase in mono- 
cytes and monocytic-like cells. There was 
either a relative or absolute decrease in the 
erythroid elements; those present existed pre- 
dominantly at the normoblastic level of matura- 
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tion. Megakaryocytes were present. No inclusion 
bodies were seen. 

It was thought that terramycin might be 
responsible for the relative aplasia of the bone 
marrow and accordingly that drug was discon- 
tinued. Penicillin was reinstituted in a dose of 
1 million units twice daily, but the patient’s 
condition deteriorated progressively. Anorexia, 
nausea, vomiting, weakness, weight loss and 
difficulty in swallowing solid foods were all 
prominent complaints. During the month pre- 
ceding admission to the Barnes Hospital he 
developed a cough productive of small quanti- 
ties of mucopurulent sputum, but at no time 
did he have hemoptyses. During the period of 
hospitalization in the outside institution he 
received a total of eighteen blood transfusions; 
his red blood cell counts varied from 2,700,000 
to 4,200,000, and the hemoglobin from 9 to 
12.5 gm. Differential counts persistently ex- 
hibited a left shift. Blood cultures drawn on 
October 23 and 25, 1951, and on January 10, 
1952, were reported as showing a gram-positive 
coccus identified as Staphylococcus albus. The 
organism was described as being resistant to 
penicillin, streptomycin and aureomycin, slightly 
sensitive to bacitracin and chloromycetin, and 
moderately sensitive to terramycin. The patient 
became irrational and was transferred to the 
Barnes Hospital for further study. 

At the time of admission his temperature was 
38.4°c., pulse 96, respirations 36 and blood 
pressure 80/40 mm. He was an emaciated, 
elderly white male who was acutely and 
chronically ill. Mild icterus was apparent. On 
the shoulder and right knee there were small 
erythematous petechial-like lesions. Examina- 
tion of the eyes was entirely negative except for 
a patch of yellow exudate in the left fundus. 
The upper respiratory tract was normal. A few 
shotty anterior cervical lymph nodes were 
palpable, but there was no generalized lymph- 
adenopathy. Examination of the chest revealed 
dullness at the right base posteriorly and 
laterally; breath sounds and tactile fremitus 
were diminished and a few fine cracking rales 
were heard. The heart was slightly enlarged to 
the left. The sounds were of fair quality and the 
rhythm was regular. A soft, grade II systolic 
murmur was heard over the entire precordium. 
Abdominal examination revealed a recent scar 
surrounded by several small ecchymoses. The 
liver was palpable 6 cm. below the right costal 
margin and was smooth and slightly tender. 
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The spleen was palpable 6 cm. below the left 
costal margin and was smooth and hard. 

The laboratory data were as follows: Blood 
counts: red cells, 4,050,000; hemoglobin, 11.5 
gm.; white cells, 12,800; eosinophile count, 
22 per cu. mm.; differential count: 80 seg- 
mented forms, 11 lymphocytes, and 9 mono- 
cytes; the red blood cells appeared slightly 
hypochromic. Reticulocytes, 3.4 per cent; 
platelet count, 85,000. Urinalysis: albumin, 
1+; sugar, negative; sediment, negative; uro- 
bilinogen, negative; bilirubin, negative. Stool 
examination: negative. Cardiolipin test: nega- 
tive. Blood chemistry: non-protein nitrogen, 
82 mg. per cent; blood sugar, 161 mg. per cent; 
sodium, 136.7 mEq./L; potassium, 3.2 mEq./L, 
CO; combining power, 26.6 mEq./L; chlorides, 
117 mEq./L; total protein, 5.7 gm. per cent; 
albumin, 2.0 gm. per cent; globulin, 3.7 gm. 
per cent; alkaline phosphatase, 7 Bodansky 
units; sodium bilirubinate, 0.22 mg. per cent; 
bilirubinglobin, 1.12 mg. per cent; total bili- 
rubin, 1.34 mg. per cent; cephalin-cholesterol 
flocculation test, 3-++; zinc sulfate flocculation 
test, 3-++; icterus index, 9 units; thymol turbid- 
ity, 1.3 units; prothrombin time, 58 per cent of 
normal. Coombs test, negative. Electrocardio- 
gram: T waves isoelectric in leads 1 and u, and 
inverted in AVL and the precordial leads; S-T 
segments slightly depressed in leads V:, V2, V3 
and V,. Roentgenogram of the chest: There 
were linear areas of scarring in the apices of 
both lungs. There was upward retraction and 
thickening of the accessory fissure on the right. 
Questionable shift of the mediastinum to the 
right was noted, and the right superior medi- 
astinal nodes were enlarged. Both costophrenic 
angles were obliterated. The cardiac silhouette 
appeared to be within normal limits. 

Shortly after the patient was admitted to the 
hospital a lumbar puncture was performed. The 
initial pressure was 180 mm. of water and the 
fluid contained only three cells. The protein | 
was 35 mg. per cent, the colloidal gold curve 
was flat and the Wassermann test was negative. 
Cultures of the spinal fluid remained sterile. 
The patient was begun on therapy with nor- 
epinephrine in order to maintain his blood 
pressure. After a number of blood cultures were 
obtained penicillin in a dose of 300,000 units 
every three hours was started. In addition, 
streptomycin, 0.5 gm. every six hours, and terra- 
mycin, 0.5 gm. every three hours, were given. 

On the day following admission the patient 
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was seen by a hematology consultant. Studies 
at that time revealed a red blood cell count of 
4,460,000 with 11.7 gm. of hemoglobin; the 
white cell count was 12,250, the differential 
showing 78 segmented forms, 2 per cent band 
forms, 1 per cent eosinophiles, 14 per cent 
lymphocytes and 5 per cent monocytes. 
All polymorphonuclear leukocytes exhibited 
hypersegmentation and toxic vacuolization. 
The platelet count was 135,000 and the reticulo- 
cyte count 2.2 per cent. The bone marrow was 
cellular; numerous young megakaryocytes were 
seen. Immature plasma cells were more promi- 
nent in Wright’s stained films. The bone marrow 
differential count was as follows: 42 per cent 
segmented forms, 12 per cent band forms, 12 per 
cent metamyelocytes, 8 per cent C myelocytes, 
2 per cent basophiles, 2 per cent reticulum 
cells, 18 per cent primitive forms and 4 per cent 
plasma cells. There were 28 normoblasts, 5 late 
erythroblasts and 2 early erythroblasts per 
hundred white blood cells. Neither tumor cells 
nor cells containing histoplasma capsulatum 
were seen. The marrow was cultured for 
tubercule bacilli and for fungi. 

On the second hospital day streptomycin was 
discontinued and tube feedings were instituted. 
That evening the patient’s respirations rose to 
40 and his pulse to 100. A transient gallop 
rhythm was audible but the lungs remained 
clear on auscultation. Oxygen was administered 
by nasal catheter and intravenous aminophyllin 
was given. Increasing amounts of norepinephrine 
were required to maintain the patient’s blood 
pressure at satisfactory levels. 

Early on the morning of the third hospital 
day, February 28, 1952, he became comatose. 
His blood pressure fell to 50/0, the pulse rose to 
160, the respirations to 50 and the temperature 
to 40.2°c. The lungs remained clear. An electro- 
cardiogram revealed supraventricular tachy- 
cardia with prolonged intraventricular conduc- 
tion. Despite increasing amounts of norepineph- 
rine, intravenous adrenocortical extract, intra- 
muscular cortisone, intravenous sodium salicy- 
late and 1.6 mg. of lanatoside C,® the patient 
failed to respond. He became more cyanotic, 
his blood pressure became unobtainable, his tem- 
perature rose to 40.7°c. and he expired. At the 
time of his death the blood cultures were sterile. 


CLINICAL DISCUSSION 


Dr. Car V. Moore: This man had been ill 
for approximately eight months. During that 


period he had fever, anorexia and moderate 
jaundice. The findings suggested involvement 
of the lungs, liver, spleen, lymph nodes and 
possibly the bone marrow. In addition, the 
patient probably had mild diabetes. Prior to his 
death no definitive diagnosis was established; it 
is quite obvious that the physicians who were 
taking care of him faced a most difficult problem. 
It may well be equally difficult for us to make 
the correct diagnosis. By way of beginning, I 
should like to ask Dr. Wilson to comment on 
the various roentgenographic examinations. 
The films from the outside hospital were made 
available to him; and although the report in 
the protocol suggests that the first chest film 
was negative, I believe on review here a different 
interpretation was made. 

Dr. Hucu M. Witson: The chest film taken 
in the outside hospital on September 22, 1951, 
was suggestive of cardiac enlargement, primarily 
left ventricular in type. There was no definite 
hilar node enlargement, but numerous 2 to 
3 mm., tubercle-like lesions were noted through- 
out both lung fields. Several weeks later another 
chest film showed essentially the same findings. 
The gastrointestinal series was interpreted as 
negative, and we would agree except to mention 
that enlargement of the liver and spleen was 
demonstrable in those films. When the patient 
was readmitted to the outside hospital after the 
first of the year, another chest film was obtained 
which again showed cardiac enlargement and 
the same discrete focal areas mentioned previ- 
ously. The chest film made after the patient was 
transferred to the Barnes Hospital was non- 
standard because of his critical condition. None- 
theless, several interesting findings were appar- 
ent. First, the patient had obviously lost a 
significant amount of weight as indicated by the 
striking decrease in subcutaneous tissue. This 
decrease could not be explained on the basis of 
the different technic of the films per se. Second, 
there was suggestive deviation of the mediastinal 
contents to the right. Third, definite thickening 
in the interlobar fissure was present, and fourth, 
the right hilar nodes were enlarged. Taken as a 
whole the roentgenologic findings are com- 
patible with a granulomatous lesion, possibly 
histoplasmosis. 

Dr. Moore: Thank you, Dr. Wilson. Dr. 
Wood, can you suggest a diagnosis which would 
explain all the clinical manifestations presented 
by this patient? 

Dr. W. Barry Woop, Jr.: First of all, I 
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would agree with your statement that this case 
constitutes a most difficult problem. Dr. Wilson 
has already suggested that this patient may 
have had one of the granulomas, a suggestion 
with which I concur. In general the findings 
were compatible with that group of diseases— 
one would include tuberculosis, brucellosis, and 
histoplasmosis as well as non-infectious granu- 
lomas such as Hodgkin’s disease and Boeck’s 
sarcoid. 

Dr. Moore: Those certainly are among the 
most common ones. Do you think that any of 
the data available enable one to differentiate 
between the infectious and non-infectious types? 

Dr. Woop: No, I do not. Since Hodgkin’s 
disease can simulate chronic infection, I do not 
believe that it can be ruled out on the informa- 
tion available. Among the infectious granu- 
lomas, the negative brucella agglutination helps 
to exclude that diagnosis. Jaundice is also rather 
unusual in brucellosis. Certainly tuberculosis 
merits serious consideration although no con- 
firmatory laboratory results were forthcoming. 

Dr. Moore: Dr. Harford, do you agree that 
the negative agglutination for brucellosis con- 
stitutes reasonably good evidence against that 
diagnosis. You will remember that Eisele at the 
University of Chicago reported an interesting 
study of nineteen patients with bacteriologically 
proven brucellosis.' He sent sera from this group 
of patients to various clinical laboratories and 
also performed agglutination tests in his own 
laboratories employing a number of brucella 
antigen preparations. When all the results were 
totaled, positive and negative agglutinations 
with various antigens were reported for each 
of the nineteen cases. Doesn’t Eisele’s study 
suggest that caution be exercised in ruling out 
brucellosis on the basis of a single negative 
agglutination? 

Dr. Cart Harrorp: As I remember that 
study, there was a tremendous variation in the 
results. I think it is reasonable to say that a 
single negative agglutination test is evidence 
against brucellosis. There have been rare in- 
stances, however, in which patients with positive 
blood cultures have been reported to have 
negative agglutinations. 

Dr. Moore: As further evidence against 
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brucellosis in this case, of course, can be added 
the fact that the patient failed to respond to a 
number of antibiotics which should have been 
effective had he had brucellosis. 

Dr. HarrForp: That is an important point. 

Dr. Moore: Let us now consider this patient’s 
cardiac manifestations. Would you comment on 
them, Dr. Massie? 

Dr. Epwarp Massie: This patient actually 
had no serious symptoms referable to his heart 
until his terminal episode. When he entered the 
Barnes Hospital, he was described as having a 
grade II systolic murmur over the precordium; 
but in view of the fact that he had considerable 
fever at the time, it is possible that the murmur 
was hemic in origin. The electrocardiograms 
could be interpreted in one of two ways. They are 
compatible with anterior myocardial ischemia 
as evidenced by the inverted T waves in the V 
leads. On the other hand, the S-T segments 
were slightly depressed in leads V1, V2, V3 and 
V,. Such a change can be taken as evidence of 
right ventricular strain and thus indirectly of 
pulmonary disease, possibly of pulmonary in- 
farction. I would favor the second explanation; 
that is, that the electrocardiographic changes 
were secondary rather than indicative of primary 
coronary artery disease per se. The patient also 
had a supraventricular tachycardia terminally, 
but I do not believe that one can attribute such 
an arrythmia to a specific cardiac lesion in a 
dying patient. The only question which I would 
like to raise concerns the reported positive blood 
cultures in October, 1951, and January, 1952. 
Although Staphylococcus albus is not an un- 
common contaminant, the fact that three 
cultures were positive for the same organism is 
impressive, particularly when one recalls that 
the patient also had fever, malaise, anorexia, 
weight loss and a murmur. Certainly the 
diagnosis of bacterial endocarditis must be 
mentioned. 

Dr. Moore: Your suggestion is an excellent 
one, Dr. Massie. Returning, however, to the 
possibility that this patient was suffering from 
a diffuse granulomatous disease, infectious or 
non-infectious, Dr. Reinhard, what are the 
criteria upon which the diagnosis is based? 

Dr. Epwarp H. ReEInnaArp: Fever, spleno- 
megaly and hepatomegaly are important clinical 
features of this group of diseases, and anemia, 
leukocytosis and a left shift in the differential 
count are common; the bone marrow frequently 
shows an increase in reticulum cells without 
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other diagnostic changes. Hyperglobulinemia 
is another feature. The findings in this case, in 
my opinion, are certainly compatible with one 
of the granulomas. 

Dr. Moore: Do you favor an infectious or a 
non-infectious type? 

Dr. RemnnarpD: Although I don’t believe 
Hodgkin’s disease can be ruled out, I think the 
patient had an infection. 

Dr. Moore: Dr. Goldman, you have had an 
opportunity to review the chest x-rays. Would 
you comment on your interpretation of the 
films? 

Dr. Go_pMAN: The changes were not specific 
but in my opinion were not typical of tuber- 
culosis or of histoplasmosis, especially in view 
of the fact that there was some clearing on the 
final film. On the other hand, the combination 
of pulmonary infiltration with fever, spleno- 
megaly and hepatomegaly makes histoplasmosis 
or tuberculosis important possibilities. 

Dr. Moore: Several years ago, Dr. Wood, 
you took care of a patient with nocardia endo- 
carditis. Should nocardia infection be con- 
sidered here? 

Dr. Woon: Although nocardia infection may 
produce a clinical picture similar to that which 
characterizes the granulomas as a group, it is 
extremely rare. The patient whom we saw here 
several years ago with nocardia endocarditis 
fortunately responded to therapy with multiple 
antibiotics. Our experience with nocardial in- 
fections is too limited to do more than mention 
them in passing. 

Dr. Moore: Of other fungus infections, 
blastomycosis is unlikely because it seldom 
involves the liver and spleen so extensively. 
Coccidioidomycosis is rare in this part of the 
country and probably would not explain all of 
the findings. By a process of elimination histo- 
plasmosis seems to me to be the most likely 
diagnosis. On the other hand, as has been 
pointed out, certain non-infectious lesions, 
especially those of Hodgkin’s disease, certainly 
are important possibilities and cannot be 
excluded. 

Dr. ALBERT I. MENDELOFF: Some of us have 
wondered whether two diagnoses rather than 
one should be made. On the basis of the liver 
function tests, I do not believe that one could 
differentiate between primary liver disease or a 
generalized granulomatous disease. 

Dr. Moore: Unfortunately, a liver biopsy 
was not obtained when the exploratory laparot- 


omy was performed in the other hospital. It 
might have provided an answer to the problem. 
Are there any other diagnostic suggestions? 

Dr. Woon: One point in the history has not 
been touched upon; namely, that earlier in this 
patient’s illness he noted swelling of the right 
leg and foot with localized pain and heat. 
Perhaps this involvement was due to staphylo- 
coccal infection which was complicated by 
thrombophlebitis and multiple septic infarcts 
in the lungs. Dr. Massie has already suggested 
staphylococcal endocarditis; chronic staphy- 
lococcal septicemia, with or without endocardi- 
tis must be considered. 

Dr. Moore: Dr. Goldman, if this patient had 
phlebothrombosis as Dr. Wood suggests, could 
it have been an accompanying feature of histo- 
plasmosis per se? 

Dr. GoLpmMaNn: In my experience it is not 
common in histoplasmosis. 

Dr. Moore: It is of interest that Furcolow 
encountered several instances of thrombotic 
complications in a series of sixteen or seventeen 
patients with histoplasmosis. Whether or not 
the thromboses were related to the disease or 
were incidental is not known. 

Dr. Massie: I would like to emphasize that 
multiple pulmonary infarcts, possibly septic in 
character, are quite compatible with the 
electrocardiographic changes. 

Dr. Moore: Dr. Daughaday, do you think 
that this patient had adrenal insufficiency? 

Dr. Wiituiam H. Daucnapay: A striking 
proportion of patients with histoplasmosis has 
presented the symptoms of adrenal insufficiency, 
due to destruction of the cortex by the organ- 
ism. In this particular case, although certain 
features suggest the diagnosis of Addison’s 
disease, I do not believe that one would be 
justified in making that diagnosis. The high 
fasting blood sugars are against it. 

Dr. Moore: In summary, I believe that the 
consensus favors the diagnosis of a chronic 
granuloma, probably infectious. Histoplasmosis 
is a likely possibility. Staphylococcal septicemia 
with pulmonary infarcts, possibly in association 
with endocarditis, has also been mentioned. 

Clinical Diagnoses: ? Histoplasmosis; ? staphy- 
lococcal septicemia, with or without endo- 
carditis. 

PATHOLOGIC DISCUSSION 


Dr. MicHaEL McNALLEy: At autopsy the 
lungs weighed 1,400 gm. The dark red, cut 
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surfaces exuded a large quantity of thin fluid. 
In every lobe a number of thin-walled abscesses 
was present, ranging in size from 1 cm. to 5 cm. 
in diameter; pneumonia did not involve the 
intervening parenchyma. The pleurae were 
covered by a thin exudate of fibrin, and there 
were 300 cc. of yellow fluid in the right pleural 
space. The heart was enlarged to 420 gm. A 
large friable vegetation 2}4 cm. long and 1 cm. 
broad covered the medical leaflet of the tri- 
cuspid valve. On the endocardium of the right 
ventricle below the valve there were multiple 
small flat parietal vegetations several milli- 
meters in diameter. The other valves of the 
heart showed no significant evidence of de- 
formity or chronic endocarditis. The liver 
weighed 2,540 gm. and showed signs of chronic 
passive congestion with an additional slight 
rust color. The spleen was quite large and 
hyperplastic. A small amount of ascitic fluid 
and absence of the yellow color of lipoid in the 
adrenal cortex were the only other gross 
lesions relative to the clinical history. 

Dr. Davin E. Situ: Figure 1 illustrates a 
rather low magnification of a slide from the 
vegetation on the tricuspid valve. At this power 
complete obliteration of the tissue of the normal 
valve was apparent and there were large, dark, 
sharply outlined masses beneath an accumula- 
tion of acellular fibrin. Figure 2 is a view of the 
dark masses through the oil immersion lens and 
shows them to be colonies of cocci. Cultures 
of this vegetation, the abscesses in the lungs 
and the blood postmortem yielded a non- 
hemolytic Staphylococcus aureus that was 
coagulase and mannite positive and corre- 
sponded exactly to an organism that ultimately 
grew out in the blood cultures taken during life. 
These latter cultures contained no visible 
growth at the end of the usual period of incuba- 
tion but were saved for special attention be- 
cause of the findings at autopsy. Bacteria from 
all sources showed almost identically high 
resistance to penicillin, bacitracin and chloram- 
phenicol and slight sensitivity to aureomycin 
and terramycin. It was probably the same strain 
of organism that had been isolated three times 
prior to the patient’s last admission. 

The vegetation on the tricuspid valve showed 
histologic evidence of a _ subacute nature; 
Figure 3 shows the cellular proliferation and 
fibrous thickening that had occurred at the 
base of the valve about the zone of completely 
necrotic material under the vegetation. On 
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the right side of the illustration there is a focus 
of particularly marked endothelial prolifera- 
tion. This histologic evidence as well as the 
clinical history made the nature of the causal 
organism a little surprising, since staphylococcus 
is generally stated to cause acute bacterial 
endocarditis. Part of this modified picture 
might obviously have been due to the effect 
of the antibiotics administered. 

Figure 4 is from the edge of one of the ab- 
scesses in the lung. Although the walls were 
thin, they were well organized fibrous tissue 
and contained many dilated small capillaries 
typical of an organizing pyogenic membrane. 
Of course, the usual lining of fibrin and necrotic 
material surrounded the central cavity although 
that is not shown here. These abscesses were of 
a sufficiently chronic histologic nature to be 
compatible with the history of the roentgeno- 
logic discovery of pulmonary infiltration on 
several examinations. 

Figure 5 is of a slide of a lymph node; it is 
typical of all the lymphoid tissue examined. 
The large number of plasma cells were particu- 
larly prominent. This was compatible with the 
observations made during life on the bone 
marrow; and, knowing now of the bacterial 
endocarditis which must have been present for 
all of this man’s history, we can interpret these 
cells as evidence of chronic antigenic reaction 
to the inflammation. The spleen itself showed 
the same picture of hyperplasia with plasma 
cells. A section of the liver in Figure 6 showed a 
marked thickening of the fibrous tissue around 
the central vein, some atrophy of the hepatic 
cords, and the extension of strands of fibrous 
tissue along the sinusoidal basement mem- 
branes and between the portal spaces and the 
central veins. These were histologic lesions of 
cardiac or congestive cirrhosis. It was somewhat 
perplexing that the clinical history recounted 
no previous episodes of cardiac failure and 
there was so little other evidence of systemic 
edema or congestion. There remained, never- 
theless, no other explanation of the enlarged 
liver other than the lesion of the tricuspid valve 
that undoubtedly interfered with its efficient 
action. 

Vegetative endocarditis due to staphylococcus 
is uncommon, but it is rather remarkable that 
it frequently involves the tricuspid valve and 
is the most common cause of bacterial endo- 
carditis on that valve. In 9,000 autopsies from 
our department Dr. Margaret G. Smith found 
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Fic. 1. The vegetation on the tricuspid valve; the fibrinous surface in the upper left corner overlies black 
masses of bacterial colonies and total necrosis of the valve leaflet. 


Fic. 2. The colonies of cocci on the vegetation; by culture these organisms were identified as Micrococcus 
pyogenes var. aureus. 


Fic. 3. The base of the tricuspid leaflet showing subacute cellular infiltration, fibrosis and endothelial pro-— 
liferation. | 
Fic. 4. Organized pyogenic membrane in the outer portion of the wall of one of the abscesses in the lung. 


Fic. 5. A greatly increased number of plasma cells in a typical lymph node. These cells were part of the im- 
munologic reaction to the infection and were seen in the lymph nodes, spleen and bone marrow. 


Fic. 6. Increased fibrous tissue about central veins, portal spaces and along the sinusoidal basement membranes 
in the liver, typical of congestive cirrhosis. 
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twenty cases of staphylococcal endocarditis, 
six of which had vegetations only on the tri- 
cuspid valve; two additional cases showed 
involvement of both the tricuspid and mitral 
valve. Streptococcus viridans was the only other 
organism responsible for more than one case 
of tricuspid endocarditis and it involved the 
tricuspid valve alone in only 1 of 8 cases. 

Demonstration of the lesions of so-called 
“right-sided bacterial endocarditis” clarified 
most of the features in this case. The syndrome 
has been well described by Blumgart,? Barker* 
and others and is, of course, characterized by 
the presence of embolic lesions in the lungs and 
the absence of the peripheral embolic phenom- 
ena usually seen in cases of subacute bacterial 
endocarditis. In this case the pulmonary ab- 
scesses showed the direct effect of such infected 
emboli. The other viscera showed only the 
congestive cirrhosis in the liver, presumably 
due to the disarranged tricuspid valve, and 
such secondary lesions as hyperplasia of the 

? BLumcart, H. L. The clinical syndrome of subacute 
bacterial endocarditis involving the right chambers of 
the heart. M. Clin. North America, 16: 881-893, 1933. 

* Barker, P. S. A clinical study of subacute bacterial 


infection confined to the right side of the heart or the 
pulmonary artery. Am. Heart J., 37: 1054-1068, 1949. 
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spleen, hemosiderosis of the liver and spleen 
and lipoid depletion of the adrenal cortex. 

Dr. Marvin RosEcan: How should one treat 
such patient with an infection due to a resistant 
staphylococcus? 

Dr. Woon: This case illustrates a point worth 
emphasizing; namely, that it is the staphy- 
lococcus which is the organism which at present 
is most often found to be resistant to antibiotics. 
Further, the incidence of resistant staphylococci 
is apparently increasing all the time. It is ex- 
tremely difficult to treat patients such as the 
one in this case even if one knows exactly what 
he is dealing with. I probably would have given 
the highest possible doses of the drugs most 
likely to kill the organism, perhaps 20 or 25 
million units of penicillin per day and strepto- 
mycin in a dose of 2 gm. a day. 

Final Anatomic Diagnoses: Subacute bacterial 
endocarditis of the medial leaflet of the tricuspid 
valve (Micrococcus pyogenes, var. aureus, 
isolated by culture); multiple abscesses in all 
lobes of the lungs; chronic passive congestion 
with central lobular fibrosis in the liver. 


Acknowledgment: Illustrations were made by 
the Department of Illustrations, Washington 
University School of Medicine. 
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FrucTo.ysis INDEX IN NORMAL AND ABNORMAL 
HumAN SEMINAL A. R. Abarbanel,* 
College of Medical Evangelists, Los Angeles, 
Calif. 

Seminal plasma is unique among body fluids 
for its high content of fructose. Human seminal 
fluid obtained under standard conditions has 
been evaluated under various circumstances. 
Over 100 men and several hundred samples 
have been studied. 

First a standard utilization curve or fructolysis 
index was established by noting in the semen of 
men of proven fertility the utilization of fructose 
by spermatozoa over a three- to six-hour period 
at hourly intervals. Fructolysis indices were also 
established in the semen of men in oligozoosper- 
mia, mecrozoospermia, azoospermia, hemo- 
zoospermia, pyozoospermia, oligospermia and 
hyperspermia. The effect of various endocrine 
substances upon the fructoloysis index has also 
been determined. In addition, correlation 
studies have been made of percentage motility 
and viability (using the live-dead stain of Blom) 
and the fructolysis index. 

From these studies it is believed that the 
fructolysis index may prove to be a valuable 
guide in assessing the fertility potential of 
human semen and its contained spermatozoa. 
PTC-Factor Dericrency: A Previousty Un- 

DESCRIBED HEMOPHILIA-LIKE DISEASE DUE 

TO DEFICIENCY OF A HERETOFORE UNKNOWN 

PLAsMA THROMBOPLASTIN COMPONENT. Paul 

M. Aggeler,* Sidney G. White, Mary Beth 

Glendening, Ernest Page,* Tillie B. Leake and 

George Bates, Divisions of Medicine, Ob- 

stetrics and Gynecology, and Pediatrics, 

University of California School of Medicine, 

San Francisco, Calif. 

Hemophilia was excluded in a fifteen year old 
male with a markedly prolonged whole blood- 
clotting time and hemorrhagic diathesis by the 
following: Patient’s and hemophilic plasma 
mutually corrected each other’s defects; potent 
anti-hemophilic globulin (Cohn’s Fraction 1) was 

* Asterisk indicates member of the Society; those not 
so indicated are by invitation. 
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ineffective; barium sulfate adsorbed plasma was 
active against hemophilia but inert in this case. 
Anticoagulants were excluded because of the 
effectiveness of small amounts of normal plasma 
in vivo and in vitro. Known platelet factors were 
excluded by “specific” tests for accelerator and 
thromboplastin content of platelets; centrifuged- 
induced “‘platelet-free” normal and hemophilic 
plasmas and Berkfelded normal plasma were as 
effective as platelet-rich specimens. Known 
prothrombin accelerators were excluded by 
normal tests for labile-factor and plasma-ac- 
celerator globulin, and normal one- and two- 
stage prothrombin times. The effectiveness of 
“dicumarol plasma” excluded the “stable” 
prothrombin accelerators reported to be affected 
by dicumarol. 

Characterization of the deficient factor as a 
plasma thromboplastin component (PTC) is 
shown by the following: Patient’s abnormal 
two-stage prothrombin consumption test was 
corrected by small amounts of plasma in vivo 
and in vitro; a minimal effective concentration 
of tissue thromboplastin was equally effective 
on the patient’s plasma and hemophilic plasma. 

Preliminary steps toward isolation of PTC 
show that it can be adsorbed from normal, 
hemophiliac and ‘“dicumarol” plasmas by 
barium sulfate and eluted with sodium citrate; 
it can be passed through a Berkefeld but not a 
Seitz filter; it is associated with the plasma 
euglobulins but is distinct from the anti-hemo- 
philic globulin contained in Cohn’s Fraction 1. 
GiucosE METABOLISM IN THE RED BLOoop 

CELL. Grant R. Bartlett and Arthur A. Marlow,* 

Scripps Metabolic Clinic, La Jolla, Calif. 

The mature non-nucleated mammalian ery- 
throcyte can be considered a living cell whose 


life is dependent on a continuous energy supply 


derived from the anaerobic splitting of glucose 
to lactic acid. A rational approach to problems 
concerning in vitro blood storage and the many 
blood dyscrasias of unknown etiology must 
include investigation of the intimate details of 
glucose degradation. 

We have incubated human blood in vitro with 
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radioactive carbon tagged glucose for periods 
giving approximately 50 per cent conversion of 
sugar to lactic acid. Although only net glucose 
disappearance and equivalent lactic acid forma- 
tion are apparent, many water-soluble, small- 
molecule components of the cell become radio- 
active. The compounds labeled and their level 
of activity provide both a qualitative and 
quantitative picture of the metabolic route 
traversed by glucose carbon. The following 
substances, fractionated from trichloracetic ex- 
tracts of red cells, showed significant radio- 
activity and therefore were intermediates in the 
path of red cell glycolysis: glucose-1-phosphate, 
glucose-6-phosphate, fructose-6-phosphate, tri- 
ose-phosphate, diphosphoglycerate, hydroxyace- 
tic-phosphate, ribose-phosphate, adenylic acid, 
pyridine-nucleotide and at least two unidentified 
materials. The rapid labeling of ribose necessi- 
tates an amendment to current concepts of 
glycolysis. Of special interest was the high 

activity of the unique red cell compound, 2,3- 

di-phosphoglycerate. 

METABOLIC INTERRELATIONSHIPS BETWEEN 
ACTH anp Porassrum. Leslie L. Bennett, 
Grant W. Liddle and Richard C. Bentinck, 
Metabolic Laboratory and the Divisions of 
Physiology and Medicine, University of 
California School of Medicine, Berkeley and 
San Francisco, Calif. 

It has been shown previously that feeding a 
diet high in potassium chloride prevents ACTH- 
induced nitrogen loss in rats and diminishes 
ACTH- induced glycosuria in partially depan- 
creatized rats. This is a report of studies to 
determine how potassium might modify effects 
of ACTH in human subjects. Four arthritic 
patients were studied on a metabolic balance 
regimen and large doses of potassium salts (up to 
36 gm. of potassium acetate per day) were ad- 
ministered both with and without simultaneous 
ACTH therapy. 

Potassium in large doses administered con- 
currently with ACTH to arthritic patients fails 
to modify the anti-rheumatic and “nitrogen- 
wasting” effects of ACTH. Other effects of 
ACTH which are not modified by potassium 
include uric acid diuresis, eosinopenia, rise in 
fasting blood sugar and rise in 17-ketosteroid 
excretion. 

On the other hand, the effects of ACTH upon 
electrolyte metabolism are definitely modified 
by potassium. The sodium retention which con- 
sistently occurs when ACTH therapy is initiated 
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is prevented or diminished by the concurrent 

administration of potassium. Superimposing 

potassium therapy upon an already established 

ACTH regimen induces prompt and marked 

diuresis of sodium. The marked sodium diuresis 

which ordinarily follows withdrawal of ACTH 
therapy may not occur in patients who have 
received potassium concurrently with ACTH. 

Potassium, therefore, inhibits the sodium- 

retaining effects of ACTH. 

Although potassium administration may mini- 
mize the hypokalemia due to acute administra- 
tion of ACTH, the serious depletion of potassium 
which may result from prolonged treatment with 
ACTH can be repaired only with difficulty 
while ACTH treatment is continued. 
VASOMOTOR REACTIONS OF VISCERAL ARTERIES 

TO EPINEPHRINE. Howard R. Bierman,* Ralph L. 

Byron, Jr., Rutherford Gilfillan, Keith H. Kelly and 

Laurens White, Laboratory of Experimental 

Oncology, the Division of Medicine, Uni- 

versity of California School of Medicine, San 

Francisco, Calif. 

By intra-arterial catheterization of the liver, 
kidney, spleen and lung, and with rapid arterio- 
graphic technics, it has been possible to observe 
the vascular patterns of these viscera in man. 
The introduction of various concentrations of 
epinephrine and its derivations produces specific 
changes in the vascular pattern of these organs. 

In general, the more rapid administration 
and the larger doses exerted more profound 
effects. In the spleen and liver, at uniform rates 
of administration, doses of 0.5 to 0.1 mg. of 
epinephrine causes the disappearance of small 
vessel pattern. Between 0.1 to 0.2 mg. the major 
arteries show diminution of caliber. Doses above 
0.2 mg. cause complete spasm of the splenic 
artery with marked contraction of the hepatic 
artery. Renal and pulmonary arteries vary in 
their vasoconstrictor responses to the aforemen- 
tioned concentrations. 

MECHANISMS OF DEGLUTITION, WITH REFERENCE 
TO DiIsABILITY IN PATIENTS HAVING BULBAR- 
PHARYNGEAL POLIOMYELITIS. James F. Bosma 
(introduced by Vincent C. Kelley), Department 
of Pediatrics, University of Utah, Salt Lake 
City, Utah. 

The critical factor in the disability of degluti- 
tion in patients having bulbar-pharyngeal 
poliomyelitis is that of weakness of the pharyn- 
geal constrictor musculature. Evaluation of this 
weakness is made difficult by its common as- 
sociation with weakness of the levator veli 


Q2 Western Society for Clinical Research 


palatini muscle, which causes apparent disa- 
bility of the ipsilateral oropharynx. Distinction 
of actual from seeming weakness of the con- 
strictor musculature is made by evaluation of 
transverse movement of the posterior pharyn- 
geal wall. 

The role of the levator and constrictor muscles 
in function of the pharynx has been demon- 
strated in comparative dissection studies of 
cadavers and cinema studies of patients having 
the pharynx exposed by maxillofacial surgery. 
The various patterns of paralytic disability of 
the pharynx in bulbar poliomyelitis have been 
studied by cinematography and by serial 
radiographic studies. 

PiruITARY ADRENOCORTICAL SYSTEM IN PAN- 
CREATIC HyPERINSULINISM. Harold Brown (in- 
troduced by F. H. Tyler), Department of 
Medicine, Veterans Administration Hospital 
and the University of Utah College of 
Medicine, Salt Lake City, Utah. 

A fifty-eight year old man with severe hypo- 
glycemia of eight years’ duration which was due 
to an islet cell adenoma of the pancreas was 
successfully treated with ACTH and cortisone 
prior to operation. 

The results of oral and intravenous glucose 
tolerance tests, insulin and epinephrine tests 
during the control, treatment and postoperative 
periods are reported. A nitrogen balance study 
during cortisone therapy indicated that the 
correction of hypoglycemia could not be at- 
tributed to the protein catabolic effect of 
cortisone but was due, presumably, to an anti- 
insulin effect in the tissues. 

It is postulated that even though exogenous 
hypercorticism can correct the hypoglycemia of 
hyperinsulinism, the potent stress of the hypo- 
glycemia cannot induce persistent endogenous 
hypercorticism because of the self-regulating 
mechanism of the pituitary adrenocortical 
system. If persistent endogenous hypercorticism 
did develop, it would be detrimental to other 
body systems. 

URINARY CHROMOGENS IN ACUTE PORPHYRIA. 
K. B. Davison and R. A. Aldrich (introduced by 
Arthur Seaman), Departments of Biochemis- 
try, Pediatrics, and the Division of Clinical 
Pathology, University of Oregon Medical 
School, Portland, Ore. 

The urine of patients suffering from an attack 
of acute porphyria contains a number of sub- 
stances including uroporphyrin which are 
probably the result of the disturbed pyrrole 


metabolism in this disease. One of these sub- 
stances is an Ehrlich reacting chromogen which 
Waldenstrém originally described. Many be- 
lieve that this substance, designated porpho- 
bilinogen, is closely related to the toxicity of the 
disease and consequently is of more pathologic 
importance than the uroporphyrin. Porpho- 
bilinogen has never been entirely purified al- 
though several investigators have contributed 
to our knowledge of its properties. Waldenstrém 
and others believe that the substance may form 
either uroporphyrin or a dark brown pigment, 
porphobilin. This dual role depends on the 
conditions under which the conversion occurs. 

The presence of a colorless chromogen for 
coproporphyrin in the urine has been proved 
beyond doubt. It appears in normal, porphyria 
and other pathologic urines. Thus there is 
reason to speculate on the existence of a similar 
chromogen for uroporphyrin in porphyria which 
could account for the dual behavior of the 
so far incompletely purified porphobilinogen. 
In short, porphobilinogen could be two or more 
substances. 

Sveinsson et al. have provided a technic by 
which all preformed porphyrin may be quanti- 
tatively removed from porphyric urine, leaving 
the residual urine with a strong porphobilinogen 
test. We have made a study of urine from a case 
of acute porphyria using this technic. Evidence 
will be presented which may be interpreted to 
indicate that there is a chromogen of uropor- 
phyrin in this residual prophyrin-free urine and 
that it is separable from the Ehrlich reacting 
substance. 

OBSERVATIONS ON THE NATURE OF THE “STOR- 
AGE LESION” IN PRESERVED Boop. C. A. 
Finch,* B. W. Gabrio and A. R. Stevens, Depart- 
ment of Medicine, University of Washington 
School of Medicine, Seattle, Wash. 
Satisfactory preservation of blood for three 

weeks has been possible at 4°c. using an acidified 

citrate-glucose media. Characteristic structural 
and biochemical changes in the erythrocyte 
have been described during storage. 

Because of the critical role that glucose plays 
in erythrocyte preservation, particular atten- 
tion in in vitro studies has been directed at the 
carbohydrate metabolism of the erythrocyte. 
In vivo measurements of cell survival have been 
made using erythrocytes tagged with radioiron 
in animals and by the differential agglutination 
technic in man. occurring during 


Changes 
normal cell aging in vivo have been compared 
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with those found during storage. The effect of 
cell age on post-transfusion survival of stored 
blood has been determined during tagged ery- 
throcytes. It is concluded that the storage 
changes are not related to cell senescence as it 
occurs in vivo. 

It has been possible to demonstrate that ab- 
normalities in carbohydrate metabolism of the 
stored cell are reversible after transfusing in 
animals and man. Plasma replacement in vitro 
has much less effect. Survival studies indicate 
that a change of plasma has no definite effect 
on survival but that “rejuvenation” of stored 
cells by placing them in the circulation of 
another animal for a short time may ameliorate 
storage damage. 

EVALUATION OF OPERATIVE RISK IN THE PREs- 
ENCE OF LIVER Disease. Arthur B. French 
(introduced by John Waldo), Department of 
Medicine, Massachusetts General Hospital 
and Departments of Medicine and Radio- 
biology, University of Utah College of 
Medicine, Salt Lake City, Utah. 

In order to evaluate better the risk of opera- 
tion in the patient with liver disease, pre- and 
postoperative data on seventy patients sub- 
jected to operations for the relief of portal 
hypertension were analyzed. Most of these were 
splenorenal or portacaval shunts but some were 
emergency procedures such as splenic artery or 
esophageal vein ligations. Operative risk was 
judged by the operative mortality associated 
with the presence of various signs, e.g., jaundice 
(37 per cent), ascites (55 per cent), spider 
angioma (41 per cent). In the absence of these 
signs operative mortality has ranged from 10 to 
16 per cent. Other factors, particularly the 
patient’s nutritional status, cannot be measured 
statistically but undoubtedly affect the opera- 
tive risk greatly. 

Of the laboratory data, serum albumin level 
seemed the most significant. With rising 
albumin levels the operative mortality dropped 
from 100 per cent (albumin below 3.0 gm. per 
100 cc.) to no mortality in the patients with 
albumin levels above 4.5 gm. Total protein and 
globulin levels were much less significant. 
Bromsulfalein retention and serum bilirubin 
also showed increasing mortality with increasing 
abnormality. It was striking that no deaths 
occurred in patients with cephalin flocculations 
less than 3+. Phosphatase and prothrombin 
values were not correlated well with operative 
mortality in spite of the fact that over half the 
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deaths were due to bleeding from the operative 

site with failure of coagulation of the blood. 

Liver biopsies in the fatal cases rather con- 

sistently showed a postnecrotic type of cirrhosis 

with poor regeneration of the liver cells and 
heavy bands of fibrous tissue. 

STupDIES ON DiuRNAL VARIATION IN STEROID 
EXCRETION IN PATIENTS WITH CONGESTIVE 
HEART FaILurRE AND CIRRHOSIS OF THE LIVER 
WITH AsciTES. Ralph Goldman and Samuel H. 
Bassett,* Metabolic Unit, Veterans Adminis- 
tration Center, and Department of Medicine, 
University of California, Los Angeles, Calif. 
Recent studies have indicated that there is 

frequently a nocturnal diuresis of water and 
sodium in patients with cardiac failure and 
cirrhosis of the liver with ascites. A similar 
alteration has not been so uniformly observed 
in the pattern of excretion of potassium and 
creatinine. Studies of the diurnal variation of 
creatinine and inulin clearances, as well as other 
data obtained by sodium logd experiments, fail 
to establish that this phenomenon can be 
explained by renal hemodynamics alone. 

To determine the role of adrenal hormones in 
producing these alterations by affecting tubular 
reabsorption of sodium a study was made of the 
diurnal variations in the excretion of lipid solu- 
ble reducing steroids. Other workers have previ- 
ously established that there is a morning increase 
in excretion of these steroids which exceeds the 
morning increase in glomerular filtration rate. 
This finding was confirmed. However, in those 
patients with cardiac failure and cirrhosis in 
whom nocturia was present it was found that 
there was also a nocturnal increase in steroid 
excretion. This did not appear to be related to 
stress, since the total steroid excretion was not 
increased, but did parallel changes in creatinine 
excretion. This suggests that changes in steroid 
loss may be the result of changes in glomerular 
filtration rate; and since increased steroid loss 
is associated with increased rather than de- 
creased sodium loss, it is believed that the 
nocturnal steroid diuresis is a secondary rather 
than a primary phenomenon. 

INHIBITOR OF DESOXYRIBONUCLEASE IN CERTAIN 
MAMMALIAN TIssuES AND ITs RELATIONSHIP 
TO CEeLLuLAR Maturity. H. H. Hensteil,* 
Robert I. Freedman and Ben Ginsburg, Institute 
for Medical Research, Cedars of Lebanon 
Hospital, Los Angeles, Calif. 

By means of a viscosimetric technic an in- 
hibitor of desoxyribonuclease was demonstrated 
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in aqueous extracts of normal human white 
blood cells and bone marrow cells and in 
extracts of blood and marrow cells from 
patients with leukemia or lymphosarcoma. The 
presence of the inhibitor in cell extracts from 
rat, mouse and human liver and spleen and 
from various human and animal cancers was 
confirmed. 

It was shown that normal white blood cells 
had the largest amount of inhibitory activity, 
namely 37.4 per cent. Blast cells from acute 
leukemia had little or no inhibitor. Cells of the 
normal marrow and of chronic leukemic blood 
and marrow, which were of intermediate degrees 
of maturity, had intermediate amounts of in- 
hibitor. Tissue cells, such as liver and spleen, 
were also found to have relatively large amounts 
of inhibitory activity as compared to that of 
various types of malignant cells. The inhibitory 
activity of tissue cell extracts deteriorated 
rapidly, whereas that of blood and marrow 
- extracts was reasonably stable. This difference 
was due to a protective effect of blood plasma 
on the inhibitor. Plasma was used in some ex- 
periments to stabilize the tissue cell inhibitor. 

In general, it was noted that the degree of 
inhibitory activity was related to the stage of 
cellular maturity. It is postulated that this in- 
hibitor of desoxyribonuclease may control the 
rate of desoxyribonucleic acid metabolism by 
regulating the rate of its depolymerization. On 
the assumption that the desoxyribonucleic acid 
plays an important part in the processes of cell 
division and maturation, it is speculated that 
the inhibitor occupies a key position in the con- 
trol of cell division and/or maturation. 
OXYPOLYGELATIN—A PLAsMA VOLUME Ex- 

PANDER. A. R. Higgins, H. A. Harper, 7. R. 

Kimmel, T. W. Burns, R. E. Jones, T. W. D. 

_ Smith and C. L. Klein (introduced by Morris E. 

Dailey), Metabolic Research Facility, United 

States Naval Hospital, Oakland, Calif. 


In the search for a substance which possesses’ 


suitable clinical and chemical characteristics 
for use in place of whole blood and plasma for 
the treatment of oligemic shock in mass casual- 
ties, many macromolecular materials have been 
proposed. This report presents data on the 
Clinical administration of a new proposed 
plasma volume expander, oxypolygelatin, a 
modified gelatin. 

Fifty units of 5 per cent OPG were adminis- 
tered to forty-two patients. In six of seven 
patients in oligemic shock clinical improvement 


and increase in blood pressure resulted. In 
thirty-five normal subjects the disappearance 
curve of OPG in the plasma and the urinary 
excretion curves were studied. The peak level 
(450 mg. per cent of OPG) in the plasma was 
reached immediately after infusion and fell off 
rapidly to 200 mg. per cent in about four hours, 
when the curve flattened, until at twenty-four 
hours 60 mg. per cent of OPG remained in the 
plasma. Detectable amounts of OPG (10 to 
30 mg. per cent) were found in the plasma of 
some patients at forty-eight hours. The urinary 
excretion of OPG was maximal during the first 
three hours after infusion, and at eight hours 
about 50 per cent of the administered OPG had 
been excreted. Only small amounts were ex- 
creted after eight hours. When the total amount 
of OPG in the plasma was calculated and added 
to the amount recovered in urine at a particular 
time after infusion, an increasingly large moiety 
is unaccounted for, reaching about 50 per cent 
at eight hours. 

Five of forty-five patients receiving OPG 
showed minor allergic manifestations, with none 
in recent lots of material. Sedimentation rates 
increased in all cases. No interference was ob- 
served with blood typing or matching. Hemato- 
crit values decreased for a period of approxi- 
mately two hours in normal subjects. 

The data suggest that oxypolygelatin is 
therapeutically effective and clinically safe in 
the treatment of oligemic shock. 

EFFECT OF AMPHENONE “‘B’”? ON ADRENAL AND 
Tuyrow. John R. Hogness and Robert H. 
Williams,* Department of Medicine, Uni- 
versity of Washington, Seattle, Wash. 
Amphenone “‘B,”’ a substituted desoxybenzoin, 

has been shown by Allen, Hertz and Tullner to 
produce thyroid and adrenal enlargement as 
well as progestation in rats. The effects on the 
thyroid and adrenal can be inhibited by hypo- 
physectomy or by the administration of thy- 
roxine and cortisone, respectively. We have 
conducted studies to explain more fully the 
alterations in thyroid and adrenal size and 
function produced by amphenone “‘B.” 

The adrenal enlargement in rats was found 
to be associated with a 200 per cent increase in 
adrenal cholesterol concentration. At the same 
time the adrenals secreted sufficient steroid to 
produce a marked fall in circulating eosinophils. 
It is believed that amphenone “B” may exert 
its adrenomegalic effect by immediate stimula- 
tion of the adenophypophysis to produce ACTH 
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rather than indirectly, as seen for example, in 

thiouracil-induced goiter. 

In addition to thyroid enlargement a marked 
decrease in I'*' concentration in the gland was 
observed after administration of amphenone 
*“*B.” Radioiodine concentrations weie found 
to be approximately 10 per cent of the control 
values. Further in vivo and in vitro experiments 
have shown that this is most probably due to a 
thiouracil-type of action. However, the effects 
noted within the time relationships of our ex- 
periments were similar to those produced by 
TSH and some evidence was obtained favoring 
an increased rate of secretion of radioiodine as 
well as a decreased uptake. 

PaTENT Ductus ARTERIOSUS WITH PULMONARY 
HyPerTENSION. Herbert Hultgren,* Arthur 
Selzer,* Ann Purdy and Emile Holman, Depart- 
ments of Medicine, Pediatrics and Surgery, 
Stanford University School of Medicine, San 
Francisco, Calif. 

The usual isolated patent ductus arteriosus is 
accompanied by a normal or only moderately 
elevated pulmonary artery pressure in the 
presence of a frequently large total pulmonary 
blood flow. This absence of pulmonary hyper- 
tension is due to the existence of a normal 
pulmonary vascular bed which can tolerate 
large flows without an increase in pressure. 
Atypical cases, however, have been described 
in which the pulmonary artery pressure may 
approach or equal the aortic pressure in the 
presence of only a small volume of flow through 
the ductus, or an actual reversal of flow pro- 
ducing arterial unsaturation in the lower ex- 
tremities. In these instances the pulmonary 
vascular resistance is greatly elevated. The 
cause of this elevation is not known but it does 
not appear to be related to a long-continued 
elevated pulmonary blood flow. The clinical 
picture in such cases may be entirely different 
from that of the usual patent ductus. The value 
of surgical correction in some cases may be 
questioned. For these reasons six cases of 
isolated patency of the ductus arteriosus with 
marked pulmonary hypertension will be pre- 
sented and the clinical findings and circulatory 
physiology discussed. Three patients had cyano- 
sis and polycythemia. In one of these cases the 
diagnosis was confirmed by autopsy, and in two 
others cardiac catheterization and arterial 
oxygen studies were done. Two of three other 
patients without cyanosis were studied by 
similar methods. The diagnosis was confirmed 
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by autopsy in two and by surgical division of 

the ductus in the other. 

QUANTITATIVE ASPECTS OF ANTIBIOTIC SYNERGISM 
AND ANTAGONISM. Ernest Jawetz* and Janet B. 
Gunnison, Divisions of Microbiology, Medicine 
and Pediatrics, University of California School 
of Medicine, San Francisco, Calif. 

Antibiotic synergism and antagonism have 
been demonstrated in vitro, in infections of ex- 
perimental animals and in certain human infec- 
tious diseases. Fixed ‘“‘synergistic’” or ‘“‘an- 
tagonistic” drug pairs do not exist. Combined 
antibiotic action is a function of the microorgan- 
ism’s behavior toward the single antimicrobial 
agents making up the pair. Study of many bac- 
teria isolated from human disease indicates that 
a given drug pair may be synergistic against one 
organism, antagonistic when acting on another. 
A given drug combination exhibits, however, 
only one type of action against a given micro- 
organism. Synergism is not changed to antago- 
nism, nor vice versa, by altering the concentra- 
tion or the proportions of members of the drug 
pair. Although antagonism is always a uni- 
lateral interference effect, synergism is a mutual 
phenomenon. Examples illustrating these gen- 
eralizations will be presented. An _ over-all 
scheme of combined antibiotic action has been 
formulated: 

Antibiotics fall into two distinct groups: (1) 
penicillin, streptomycin, bacitracin, neomycin; 
(2) aureomycin, chloramphenicol, terramycin. 

Drugs of group 1 are often synergistic with 

each other, occasionally indifferent, never 
antagonistic. Drugs of group 2 are never 
synergistic with, or antagonistic to each other, 
but frequently additive. Group 2 drugs fre- 
quently antagonize group 1 agents acting on 
group 1i-susceptible organisms. On the other 
hand, group 2 drugs may be synergistic with 
group 1 when acting on group 1-resistant bac- 
teria. Available experimental and clinical data 
are in agreement with this scheme which is also 
supported by studies on bacterial mutants of 
defined drug susceptibility. 

METHOD FOR THE MEASUREMENT OF HEMo- 
GLOBIN SYNTHESIS Jn Vitro. Wallace N. Jensen, 
G. E. Cartwright* and M. M. Wintrobe,* De- 

t of Medicine, University of Utah 

College of Medicine, Salt Lake City, Utah. 

By estimating the rate of incorporation of 
radioactive iron into avian hemoglobin an in 
vitro method has been devised for quantitatively 
measuring the rate of hemoglobin synthesis. 
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This method affords a simple means for the 
study of the nucleated red cell as a metabolic 
unit in the absence of the multiple influences of 
various in vivo processes. 

Duck blood is incubated with Fe*® for twenty- 
four hours at 37°c. The cells are then separated 
by centrifugation and hemolyzed. The hemo- 
globin obtained is converted to hemin, purified, 
recrystallized and dried. It is then weighed and 
assayed for Fe**® content. From the data ob- 
tained, the percentage of Fe®® utilized in the 
synthesis of new hemoglobin is calculated. 

The data presented concern the standardiza- 
tion of the method and the influence of several 
factors on the rate of hemoglobin synthesis. 

The method is reproducible with a mean 
variation of 5 per cent +0.38. Approximately 
40 per cent of the radioiron is incorporated into 
hemoglobin in six hours, 60 per cent in twelve 
hours and 90 per cent in twenty-four hours. Iron 
is accepted into the red cell in a non-hemoglobin 
state prior to incorporation into hemoglobin. 
Hemoglobin synthesis takes place more rapidly 
when cells are incubated in plasma than in 
saline. The rate of hemoglobin synthesis of cells 
suspended in saline is accelerated by the addition 
of either glycine or glucose. The addition of a 
small amount of KCN completely inhibits the 
synthesis. | 
METABOLIC STUDIES OF PATIENTS WITH CON- 

GENITAL ADRENAL HyPERPLASIA. EFFECTS OF 

PROLONGED ADMINISTRATION OF CORTISONE. 

Vincent C. Kelley,* Robert S. Ely, Richard B. 

Raile and Don H. Nelson, Departments of 

Pediatrics and Biochemistry, University of 

Utah, Salt Lake City, Utah. 

Wilkins’ recent demonstration of the efficacy 
of cortisone in the therapy of congenital adrenal 
hyperplasia has given impetus to studies of the 
metabolic aberrations which exist in patients 
with this condition. He has demonstated 
dramatic clinical response and response of 
certain urinary excretory products, most notably 
the 17-ketosteroids, to such therapy. Although 
previous attention appears to have been focused 


primarily upon these considerations of the > 


problem, certain other metabolic aspects of 
these patients appear worthy of investigation. 
This report is concerned with a variety of 
metabolic studies performed in our laboratory 
on four patients with congenital adrenal hyper- 
plasia—two typical female pseudohermaphro- 
dites, one ovariectomized female pseudohermaph- 
rodite and one macrogenitosomia precox. 


The studies performed include determinations 
of blood levels of 17-hydroxycorticosteroids and 
urinary excretion of 17-ketosteroids; of pituitary 
adrenal response; of electrolytes in the blood; 
of acute phase substances in the blood; of 
certain phases of carbohydrate metabolism; 
and evaluation of clinical and developmental 
status and response of the patients. 

The observations made in the present study 
concerning the clinical and urinary 17-keto- 
steroid response to cortisone therapy are in 
agreement with those previously reported by 
Wilkins and others. In addition, certain meta- 
bolic abnormalities not previously reported in 
this condition and the effect of cortisone therapy 
upon them were observed. The data presented 
here lend additional support to the rationale for 
the use of cortisone in prolonged therapy of 
patients with congenital adrenal hyperplasia. 
ACCELERATION OF NEOGLUCOGENESIS FROM FAT 

IN ResPONSE TO ACTH AnpD CORTISONE IN 

Human Susyects. Laurance W. Kinsell,* George 

D. Michaels, Sheldon Margen, Lenore Boling and 

John W. Partridge, with technical assistance of 

Nancy Dawson, George Fukayama, Rosalie Greer 

and Sadie Smyrl, Institute for Metabolic Re- 

search, Highland Alameda County Hospital, 

Oakland, Calif. 

Previous studies in this laboratory have shown 
that ACTH and cortisone (1) diminish or 
eliminate fasting-induced hyperketonemia and 
(2) increase the rate of disappearance of infused 
fatty acid without increasing the formation of 
ketones. From these and other data it has seemed 
probable that cortisone-like adrenal steroids in- 
crease the rate of utilization of fatty acid through 
other than ketone channels. The present ex- 
perimental work was designed to determine 
the presence or absence of acceleration of neo- 
glucogenesis from fatty acids by ACTH and 
cortisone. 

To date, studies have been carried out in 
three diabetic subjects. During the period of 
study all patients have been maintained on 
chemically constant formula intake throughout 
the twenty-four hours. The formulas have con- 
tained no carbohydrate; large amounts of fat; 
and different amounts of protein in each of the 
three subjects. After a suitable control period 
all patients have received ACTH and/or 
cortisone. 

The following results have been obtained: 
(1) Major increase in glycosuria and urinary 
nitrogen occurred in all instances during ACTH 
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and cortisone administration. (2) The propor- 
tional increase in urinary sugar was significantly 
greater than the increase in urinary nitrogen. 
In numerous instances during the course of 
each of the three studies the D/N ratio greatly 
exceeded 3.65. At times the ratio actually 
exceeded 6.25. (3) In two of the patients major 
insulin resistance resulted from the administra- 
tion of ACTH and cortisone. In the third patient 
(in whom the experimental procedures were 
modified) no insulin resistance occurred despite 
progressive hyperglycemia and glycosuria. 

One may conclude that cortisone-like steroids 
resulting from adrenocortical stimulation ac- 
celerate the formation of carbohydrate from 
fatty acid. Observations upon the possible 
mechanism of steroid hormone-induced insulin 
resistance will be discussed as time permits. 
UtiizaTion oF S**-cystinE Rats Fep Pro- 

TEIN DeFICcIENT Diets. Norman D. Lee and 

Robert H. Williams,* Department of Medicine, 

University of Washington School of Medicine, 

Seattle, Wash. 

Female Sprague-Dawley rats, weighing ap- 
proximately 165 gm., were placed on various 
artificial diets for seven days and were allowed 
to feed ad libitum. The dietary variation was 
concerned with the quantity and biologic value 
of the protein constituent and with non-protein 
diets supplemented with non-radioactive L- 
cystine. On the eighth day a standard dose of S*5- 
labeled DL-cystine was administered intraperi- 
toneally and the animals were sacrificed eight 
hours later. The extent of incorporation of the 
label into liver and plasma protein was then 
determined. 

It was found that increasing the dietary con- 
tent of protein-bound cystine resulted in a 
decrease in the incorporation of isotopic cystine. 
When the non-protein diet was supplemented 
with L-cystine, the incorporation of the isotopic 
amino acid was increased. Furthermore, if 
nutritionally incomplete proteins such as zein 
and gelatin were the sole source of dietary pro- 
tein, the incorporation of isotopic cystine was 
increased in comparison to similar diets con- 
taining complete proteins. 

The data were analyzed with respect to the 
effect of protein depletion and surfeit on the 
control of the rate of protein synthesis in the 
liver. Evidence is presented consistent with 


the hypothesis that the rat adapts to protein . 


depletion by increasing its rate of protein 
anabolism. 
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OCCLUSION OF THE THORACIC AORTA FOR LONG 
PERIODS BY MEANS OF A MECHANICAL SHUNT. 
Sanford E. Leeds* and Morris Culiner, Harold 
Brunn Institute for Cardiovascular Research, 
Mount Zion Hospital, San Francisco, Calif. 
Prolonged occlusion of the normal thoracic 

aorta in dogs is followed by severe damage to 
vital structures and death. In order to avoid the 
deleterious effects of the occlusion the clamped 
portion of the aorta was by-passed using a 
roller-type pump with a carotid-femoral artery 
shunt. By this means a controlled flow of blood 
from an artery proximal to the occlusion can be 
shunted to an artery distal to the occlusion thus 
supplying the spinal cord and viscera with 
oxygenated blood in adequate amounts. 

In the experimental animals it was found that 
if a plastic tube was inserted through the femoral 
artery into the thoracic aorta below the occlusion 
the mortality was reduced remarkably com- 
pared to the use of a metal cannula in the 
femoral artery. Division and suture of the aorta 
were carried out while occluding the aorta in 
some animals. This required reversal of the 
action of the heparin which is required during 
the mechanical shunting of the blood. 

Stupies SuLFuR METABOLISM. vu. THE PRo- 
TEIN METABOLIC ABNORMALITY OF THE NE- 
PHROTIC SYNDROME As STUDIED wiITH S*- 
LABELED METHIONINE. Sheldon Margen, Judith 
Lange, Harold Tarver, Roy DeLaney and Laurance 
Kinsell,* Institute for Metabolic Research, 
Highland Alameda County Hospital, Oak- 
land, and the Department of Biochemistry, 
University of California, Berkeley, Calif. 

A male patient age eighteen years with severe 
nephrotic syndrome was studied as follows: 
(1) Following intravenous administration of a 
tracer dose of S**-labeled methionine, incorpo- 
ration of the isotope into plasma protein and the 
urinary excretion of the isotope were deter- 
mined. (2) Following the administration of 
sufficient serum albumin to bring the serum 
level to approximately 3 gm. per 100 cc. (from 
a pretreatment level of 0.92 gm. per 100 cc.), a 
second S* study was carried out. (3) The study 
was continued during ACTH therapy, which 
in this patient induced complete remission. 

One may conclude the following in the 
nephrotic patient: (1) The rates of both albumin 
and globulin synthesis are greatly increased as 
compared to the normal. (2) The rate of synthe- 
sis of albumin and the rate of urinary loss of _ 
albumin are almost identical. This is true with 
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or without albumin infusion. (3) The S** con- 
tent of the urinary protein is identical with that 
of the serum albumin. (4) ACTH caused rapid 
cessation of albuminuria and a return to normal 
of plasma protein levels. 

Similar studies in a patient with severe 
albuminuria and hypoproteinemia in associa- 


tion with diabetic atherosclerosis will also be . 


presented as time permits. 

EFFECT OF TESTOSTERONE ON THE HumAN TESTIS. 
FURTHER OBSERVATIONS. Glenn E. Mortimore, 
C. Alvin Paulsen and Carl G. Heller,* Depart- 
ment of Medicine, University of Oregon 
Medical School, Portland, Ore. 

The morphology and function of the normal 
human testis is severely altered when testosterone 
propionate is administered in ordinary clinical 
amounts, considered to be greater than the 
average normal daily output. A study of the 
immediate effects of such treatment reveals: 
(1) Urinary gonadotrophin excretion is de- 
pressed to, or nearly to, zero; (2) the seminal 
sperm count is reduced to, or nearly to, zero; and 
(3) testicular morphology is markedly damaged 
as attested by a striking decrease in tubule size 
and increase in sclerosis and hyalinization of the 
peritubular membranes, arrested spermatogene- 
sis, sloughing, necrosis and decrease in number 
of germ cells, and a decrease and atrophy of 
Leydig cells.. 

Testicular biopsies obtained at intervals from 
five to thirty-one months after stopping treat- 
ment (testosterone propionate, 25 mg. daily, 
twenty-four to ninety-nine days) showed a re- 
markable recovery from the damaged state 
noted just prior to stopping treatment. In most 
instances when biopsies were obtained seventeen 
months or more after treatment the testis was 
structurally better than that demonstrated in 
the initial biopsy. This difference was most strik- 
ing in testes initially judged poorer than normal. 

After stopping treatment urinary gonado- 
trophin excretion rapidly returns to pretreat- 
ment levels. Seminal fluid sperm concentration 
increases slowly and generally returns to pre- 
treatment levels within one year. 

RELATION OF THE HEMATOLOGIC EFFECTS AND 
BLoop 17-HyDROXYCORTICOSTEROID LEVELS 
AFTER ADMINISTRATION OF ADRENAL STEROIDS 
AND ACTH. 7. G. Palmer, D. H. Nelson, A. A. 
Sandberg and F. H. Tyler,* Departments of 
Medicine and Biochemistry, University of 
Utah College of Medicine, Salt Lake City, 
Utah, 


Single doses of ACTH (65 mg.), cortisone 
acetate (200 mg.) and compound F acetate 
(200 mg.) have been administered to normal 
subjects and the resulting hematologic changes 
have been correlated with blood levels of 17- 
hydroxycorticosteroids. Steroid levels rose from 
an average of 11 ug. to 24 wg. per 100 ml. of 
plasma following the administration of ACTH 
intramuscularly, 25 ug. following administration 
of cortisone orally and 102 yg. following ad- 
ministration of compound F orally. The peak 
values were reached one hour after cortisone and 
compound F administration, and one to two 
hours after ACTH. Thereafter the levels de- 
clined to within the normal range in eight hours. 
The hematologic effects following administra- 
tion of any one of the three substances included 
absolute neutrophilia, lymphopenia and eosino- 
penia, with no significant changes in volume of 
packed red cells or platelet counts. Neutrophils 
rose from an average of 5,100 to 14,500 per cu. 
mm. following the administration of compound 
F orally, from 4,600 to 9,000 following ACTH 
and from 4,700 to 8,100 following cortisone 
orally. Lymphocytes fell from 2,900 to 1,600 per 
cu. mm. following compound F; from 2,700 to 
1,700 following ACTH and from 2,900 to 1,500 
following cortisone. Eosinophils fell from 227 to 
8 per cu. mm. following compound F, from 
241 to 47 following ACTH and from 344 to 25 
following cortisone. Maximum changes in all 
leukocytes occurred at four to eight hours 
following administration of the hormones or 
three to six hours following the attainment of 
maximum steroid levels. No significant altera- 
tions in blood 17-hydroxycorticosteroids or in 
leukocytes were observed during the twenty-four- 
hour period following the administration of com- 
pound F acetate intramuscularly. 

INFECTION AND REINFECTION BY HEMOLYTIC 
STREPTOCOCCI IN EARLY CHILDHOOD. Lowell 
A. Rantz,* Margaret Maroney and Joseph M. 
Di Caprio, Department of Medicine, Stanford 
University School of Medicine, San Francisco, 
Calif. 

A continuing study of hemolytic streptococcal 
infection in early childhood has been carried out 
during the past four years. One phase involved 
the serial observation of a large group of infants 
from birth. New infections occurred regularly 
among the previously uninfected at a rate of ap- 
proximately 25 per 100 per annum, and reinfec- 
tions at a rate approaching 50 per 100 per 
annum throughout the study period. 
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Seventy-eight additional children were fol- 
lowed up for six months to three years after a 
recognized hemolytic streptococcal infection. 
The mean period of observation was 15.7 months. 
Reinfection was common in this group and oc- 
curred at a mean rate of 0.5 per patient per 
annum regardless of age when first seen. 

Detailed serial clinical observations were 
obtained from thirty-five or more days after 
126 group A hemolytic streptococcal infections 
in 103 different children. Sixty-four occurred 
in children less than forty-eight months of age. 
Neither rheumatic fever nor any less well defined 
manifestations of a non-suppurative poststrep- 
tococcal complication was discovered in any of 
these. Sixty-two were more than forty-eight 
months of age. Rheumatic fever developed in 
two and in four others clinical disorders and 
laboratory abnormalities developed indicating 
that a similar process in a less well defined form 
was present. The possible role of reinfection in 
the pathogenesis of this changing incidence of 
complications will be discussed. 

STUDIES ON THE MECHANISM OF THE ALTERED 
CHOLESTEROL METABOLISM IN HyYPER- AND 
Hypotuyroiw States. Ray H. Rosenman, San- 
ford O. Byers* and Meyer Friedman,* Mount 
Zion Hospital, Harold Brunn Institute for 
Cardiovascular Research, San _ Francisco, 
Calif. 

Despite the low plasma cholesterol concen- 
tration observed in hyperthyroidism, this state 
has been found by us to be characterized by a 
marked increase in rate of cholesterol synthesis. 
Thus when rats were made hyperthyroid by 
administration of thyroid extract, a prompt and 
marked increase in the rate of synthesis of cho- 
lesterol was observed, together with an associ- 
ated increased excretion of the steroid both in 
the bile and the stool. Exactly opposite findings 
were obtained in rats made hypothyroid by 
administration of thiouracil. 

The rate of synthesis was measured by two 
different methods, namely, (1) assay of biliary 
cholesterol concentration and (2) determination 
of the rate of incorporation of the radioactive 
substance, tritium, into body cholesterol. The 
rate of excretion was determined by independ- 
ent assay of biliary and fecal contents of sterols. 

The mechanism associated with and possibly 
responsible for these changes in cholesterol 
metabolism appears to be one intimately in- 
volved in the formation and destruction or 
excretion of cholic acid. 
juty, 1952 
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CoBALT AND CorTISONE THERAPY OF CHRONIC 
EryYTHROCYTIC Hypopiasia. Arthur 7. Sea- 
man,* Department of Medicine, Division of 
Experimental Medicine, University of Oregon 
Medical School, Portland, Ore. 

Chronic erythrocytic hypoplasia in both con- 
genital and acquired forms differs from hypo- 
plastic anemia in (1) the presence of a marrow 
normally cellular except in nucleated erythro- 
cytes and (2) the absence of thrombocytopenia 
and granulocytopenia. Barring recovery, prog- 
nosis is limited by the complications of blood 
transfusion therapy. Cases presented here indi- 
cate that either cobalt or cortisone may induce 
erythropoiesis in this disease. 

The acquired form developed in one sixty- 
seven year old man after repeated infections and 
sulfonamide sensitivity reactions. His course is 
presented as an example of the untreated pa- 
tient. He required 30.5 L. of blood in sixty-three 
transfusions prior to his death from a transfusion 
reaction. Extensive hemosiderosis was demon- 
strated at necropsy. 

One woman, aged forty (acquired form), 
received 79 L. of blood in 158 transfusions over 
a sixty-one-month period. After sixty-four days 
on oral cobalt chloride, 100 mg. daily, active 
erythropoiesis developed and has persisted for 
nine months notwithstanding eleven 350-cc. 
venesections. 

A three and one-half month old girl (con- 
genital form) required 60 L. blood in 140 trans- 
fusions over the following ten years. After 164 
days on oral cobalt chloride (25 mg. daily) 
active erythropoiesis occurred. Reticulocytosis 
disappeared when cobalt was discontinued but 
reappeared on cortisone therapy. 

A three month old girl (congenital form) 
received 6.5 L. of blood as forty-six transfusions 
over the following twenty-nine-month period. 
Cobalt therapy failed but cortisone produced 
active erythropoiesis. 

Another girl (congenital form) thirteen 
months old has required transfusions every 
three weeks since three months of age. There 
has been no response to cortisone. Cobalt has 
not yet been tried. 

POTENTIATION OF MORPHINE AND L-ISOMETHA- 
DONE ANALGESIA BY DIHYDROGENATED ERGOT 
ALKALows. Herbert 7. Semler and Norman A. 
David,* Department of Pharmacology, Univer- 
sity of Oregon Medical School, Portland, Ore. 
Observations in our laboratory have shown 

that small doses of dihydrogenated ergot alka- 
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loids block morphine h ia in rabbits 
caused by single doses of 15 mg./kg. morphine 
sulfate and 5 mg./kg. L-isomethadone, dl- 
methadone or L-methadone. Based on this we 
undertook to study the effects of previous ad- 
ministration of ergot alkaloids on analgesic 
activity produced by morphine and the newer 


synthetic analgesics. Analgesic action was . 


determined in normal rats using the D’amour- 
Smith technic. When a dose of 0.03 mg./kg. of 
CCK No. 179 (hydergine®) was injected subcu- 
taneously thirty minutes before intraperitoneal 
injection of 6.00 mg./kg. morphine sulfate, the 
mean percentage increase in reaction time was 
161.9 per cent compared to 86.9 per cent for 
6.00 mg./kg. of morphine alone. With CCK 
No. 179 (0.03 mg./kg.) followed by L-isometha- 
done (4.00 mg./kg.) the mean percentage in- 
crease was 138.1 per cent compared to 67.4 per 
cent for 4.00 mg./kg. L-isomethadone alone. 
With minimal doses of the analgesics CCK 
No. 179 (0.03 mg./kg.) followed by 2.00 mg./kg. 
of L-isomethadone gave a mean percentage 
increase in reaction time of 119.8 per cent com- 
pared to only 13.0 per cent when L-isometha- 
done was used alone in a dose of 2.0 mg./kg. 
With DHO No. 180 in a dose of 0.05 mg./kg. 
plus L-isomethadone (4.00 mg./kg.) an increase 
of 158.0 per cent was found compared to the 
67.8 per cent increase for L-isomethadone alone. 
Other combinations of the opiates and dihydro- 
genated ergot alkaloids showed that the poten- 
tiation of analgesia was more pronounced when 
doses of 0.03 to 0.10 mg./kg. of CCK No. 179 or 
DHO No. 180 were used. Analysis of variance 
of the data showed this effect to be statistically 
significant. Administered alone, the dihydro- 
genated ergot alkaloids showed no significant 
analgesic action. 

In the hospitalized patients who receive 
analgesics repeatedly for control of severe pain 
we have found that administration of a single 
daily injection of 0.3 mg. (1.0 cc.) of hydergine 
permits a reduction in both the dose and the 
frequency of administration of the opiate. 
CLINICAL EXPERIENCES WITH THYROTROPHIC 

“Hormone. Benjamin Simkin and Paul Starr,* 

Department of Medicine, University of 

Southern California School of Medicine, Los 

Angeles, Calif. 

Our observations indicate that the adminis- 
tration of thyrotrophic hormone (TSH) to 
patients is useful in the following clinical 
situations: (1) differentiation of primary from 
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secondary (pituitary) myxedema; (2) evaluation 

of the presumed hypothyroid patient who is 

on thyroid extract therapy; (3). therapy of 
metastatic cancer of the thyroid gland. 

Thyroid radioactive iodine (I'*") uptake was 
found to be the most sensitive indicator of stimu- 
lation of the thyroid gland by TSH. The ad- 
ministration of TSH to euthyroid patients or 
patients with panhypopituitarism results in an 
increase of thyroid I'*! uptake. The thyroid gees 
uptake is not increased by TSH injections in 
patients with primary myxedema. Similar results 
were obtained in patients receiving thyroid 
extract therapy which did not have to be dis- 
continued in order to establish the diagnosis of 
these patients. 

In patients with metastatic cancer of the 
thyroid gland administration of TSH was found 
to increase the radioiodine pickup of metastatic 
lesions thus allowing these patients to become 
suitable candidates for I'*! therapy. Adminis- 
tration of TSH was also found to be useful for 
the detection of metastatic foci of thyroid 
mali 
None of the twenty-one patients receiving 
injections of TSH developed exophthalmos as 
determined by careful serial measurements with 
the Hertel exophthalmometer. The duration of 
the TSH injections varied from three days to 
two weeks, and the doses of TSH were physi- 
ologically adequate as seen in the clinical results 
already given. 

BIOCHEMICAL STUDIES ON LEUKOCYTES IN THE 
MYELOPROLIFERATIVE SYNDROMES. William N. 
Valentine,* William S. Beck, James H. Follette 
and Harold Mills, Los Angeles, Calif. 

Studies are reported on the biochemical 
patterns of glycogen, histamine and phosphatase 
activity in separated leukocytes from subjects 
with various myeloproliferative syndromes. Two 
distinctive patterns of rather remarkable uni- 
formity are apparent. 

First, the pattern exhibited in typical chronic 
myeloid leukemia is characterized by high unit 
cell and total blood histamine, markedly low 
unit myeloid cell alkaline phosphatase and (on 
the basis of preliminary data) low unit myeloid 
cell glycogen. 

Second, the pattern of typical polycythemia 
vera in patients with leukocytosis and/or differ- 
ential formula alterations is characterized by 
a similar but less dramatic aberration in blood 
histamine, markedly elevated alkaline phos- 
phatase activity and high glycogen content per 
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unit myeloid cell. The second pattern persists 
in subjects who late in their illness develop 
marked splenomegaly, anemia, a_ peripheral 
blood picture difficult to differentiate from that 
of chronic myeloid leukemia, and/or the 
clinical suspicion of myelofibrosis. Myelofibrosis 
has also been observed in an elderly patient with 
the complete metabolic aberrations of the first 
pattern and does not appear specific to either 
pattern. A single case of agnogenic myeloid 
metaplasia conformed to the second pattern. 
This pattern has not been observed in secondary 
polycythemia to date. Both patterns are sub- 
stantially different from those thus far observed 
in the more readily differentiated leukocytoses 
of other etiology and leukemoid “‘irritative”’ 
reactions associated with marrow metastases. 

Neither is explainable by variations in differ- 

ential formulas. 

ALTERATION OF THE ACTION OF INSULIN ON 
GLucosE METABOLISM BY BETA-HYDROXY- 
BuTyRic Acip. Arne N. Wick* and Douglas R. 
Drury,* Scripps Metabolic Clinic, La Jolla, 
Calif., University of Southern California, Los 
Angeles, Calif. 

Ketone bodies can be an pinngestens source of 
energy for the tissues. Their utilization can be 
increased by raising their concentration in the 
circulating fluids. Thus 50 per cent or more of 
the total oxygen consumption of the tissues can 
be through ketone body oxidation. 

With isotope technic it has been definitely 
established that oxidation of glucose by the 
tissues can be increased two- to threefold by 
insulin. We have then two methods of experi- 
mentally changing the type of fuel used by the 
tissues, and by the simultaneous application of 
both of these information should be obtained 
that might give some insight into the ways these 
substances are utilized by the body cells. 

Eviscerated rabbits were given maximal dos- 
ages of insulin and just enough C'*-labeled 
glucose to maintain the blood sugar at a normal 
level for eight hours. The CO, was collected 
for radioactivity determination. For the first 
five hours insulin and glucose were given, and 
then for three hours in addition to these beta- 
hydroxybutyric acid was given. In this way the 
effect of the beta-hydroxybutyric acid on the 
glucose oxidation and requirement could be 
determined. 

The addition of beta-hydroxybutyric acid had 
little effect on the glucose requirement. There 
was a marked decrease in the amount of glucose 
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oxidized. These results indicate that beta- 

hydroxybutyric acid does not affect the action 

of insulin in transferring glucose into the cells 
but does compete with glucose for terminal 
oxidation within the cell. 

CARDIOVASCULAR AND RENAL ADJUSTMENTS TO A 
New HyportensivE AGENT (Crpa-5968). Ernest 
L. Wilkinson, Heikki Backman and Hans H. 
Hecht,* Department of Medicine, University 
of Utah College of Medicine, Salt Lake City, 
Utah. 
1-Hydrazinophthalazine (Ciba-5968) has been 

demonstrated to increase renal blood flow 

(Reubi, 1950) and to lower arterial pressures in 

man (Schroeder, 1951). This unique combina- 

tion of effects has not been reported hitherto for 
other chemical compounds proposed as anti- 
hypertensive agents. We have therefore in- 
vestigated the effects of a single intravenous dose 

(0.25-0.50 mg./kg.) on renal function, arterial 

pressure and cardiac output. 

A moderate increase in renal plasma flow 
(Cpan) was regularly present with an average 
maximum rise of 38 per cent (11-122 per cent). 
No consistent change in glomerular filtration 
rate (Cy) occurred but the filtration fraction fell 
regularly. A significant diuretic action was a 
frequent but inconstant effect. Within a few 
minutes following the administration of the 
compound the heart rate increased by about 
50 per cent. Cardiac output and stroke volume 
measured in four subjects by cardiac catheteriza- 
tion rose sharply with an average maximum 
increase of 112 per cent within fifteen to forty- 
five minutes. Pulmonary artery pressures in- 
creased slightly. The average fall in total 
systemic peripheral resistance in these subjects 
was 61 per cent. The systemic diastolic blood 
pressure decreased in eight normals by an 
average of 18 mm. Hg within twenty-two 
minutes; the fall in six hypertensive subjects 
measured 35 mm. Hg and only infrequently 
returned to the predrug level within two 
hours. Changes in systolic pressure were less 

This compound causes sustained increase in 
cardiac output and stroke volume with a fall in 
arterial pressure. It increased renal plasma flow 
but this was less than expected from the increase 
in cardiac output. Its therapeutic possibilities 
are obvious although at present frequent minor 
toxic effects and the inconstant oral action of 
the drug have limited its usefulness in ambula- 
tory patients. 
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METABOLISM OF RADIOACTIVE ACETATE BY 
Human TuBERCLE Baciui. Richard 7. Winz- 
ler, * Cornelius Y. Chiamori and Hisako Nishahara, 
Department of Biochemistry and Nutrition, 
University of Southern California, Los Ange- 
les, Calif. 

Experiments have been initiated which are 
designed to elucidate some biosynthetic processes 


of mycobacteria and the mechanism by which , 


bacteriostatic agents inhibit the growth of 
mycobacteria. A virulent strain (H37Rv) and a 
streptomycin-resistant strain (H37RvSR) of 
human tubercle bacilli have been cultured in 
200 ml. of Proskauer-Beck medium for fourteen 
days. One-tenth milligram of acetate-1-C"* con- 
taining one microcurie of C'* was added, and 
the incubation continued for one week. The 
bacteria were harvested by filtration, and the 
radioactive carbon in the carbon dioxide, the 
saponifiable and non-saponifiable lipids and the 
protein fractions was determined. The strepto- 
mycin-resistant strain oxidized a greater pro- 
portion of the acetate to carbon dioxide and 
incorporated more radioactivity into the lipids 
and proteins than did the sensitive strain. The 

of streptomycin at a concentration of 
100 mg./L. completely inhibited growth of the 
sensitive strain but had no significant influence 
on the incorporation of radioactive carbon from 
acetate into the saponifiable and non-saponi- 
fiable lipids, and only a slight inhibitory effect 
on the incorporation into the protein fraction of 
either the sensitive or resistant strains. This 
indicated that protein and lipid turnover can 
occur independently of growth and that the 
inhibitory effects of streptomycin on the sensitive 
strain are not mediated through interference 
of the turnover of these gross cell fractions. 
Further studies on the specific activities of 
individual amino acids, nucleotides and certain 
of the characteristic lipids such as mycolic acid 
and phthioic acid are being carried out in an 
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effort to localize the site of action of streptomycin. 
REDUCED RENAL ExcrETION OF SopiuM CHLO- 

RIDE FOLLOWING CIRCULATORY STRESSES. W. 

B. Youmans,* D. M. Bachman and P. H. Blachly, 

Department of Physiology, University of 

Oregon Medical School, Portland, Ore. 

The effects of each of the following procedures 
on glomerular filtration rate (GFR) and renal 
excretion of NaCl have been studied using dogs: 
(1) anesthetization by rapid intravenous injec- 
tion of sodium pentobarbital; (2) rapid with- 
drawal of blood and subsequent reinjection; 
(3) vertical position of body after adrenergic 
blockade with dibenamine; (4) rapid intravenous 
injection of 1 to 4 mg. of acetylcholine. In two 
patients with postural hypotension the effects 
of the orthostatic position on GFR and sodium 
chloride excretion were determined. 

Each of the aforementioned procedures may 
produce and some of them routinely produce a 
decrease in GFR. When the GFR is decreased, 
there is a much greater percentage decrease in 
or a virtual cessation of NaCl excretion. After 
termination of the stress rapid recovery of GFR 
to control levels or above is the rule, while the 
NaCl excretion does not show a corresponding 

or remains at the minimum level for a 
prolonged period. 

The rate of excretion of NaCl in the two 
patients with orthostatic hypotension during a 
period of several hours when they were up and 
about was one-fifth to one-twentieth of the rate 
for the period when they were recumbent. 
During the first part of the “up” period the 
minimum GFR and sodium chloride excretion 
rate were observed; then some recovery of each 
rate occurred. When the patient was returned 
to the recumbent position after being up for 
several hours, the GFR quickly returned to 
normal levels but sodium chloride excretion was 
restored quite gradually. 
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EFFECT OF HEXAMETHONIUM (Cz) ON RENAL 
HEMODYNAMICS. LABORATORY AND CLINICAL 
Eva.uatTion. L. C. Mills, M.D. (by invitation), 
J. H. Moyer, M.D. and C. A. Handley, Ph.D. (by 
invitation). (From the Departments of Medicine 
and Pharmacology, Baylor University College 
of Medicine and the Cardiac Clinic, Jefferson 
Davis Hospital, Houston, Tex.) 

Because of its hypotensive effect on patients 
with essential hypertension, the effect of hexa- 
methonium on renal hemodynamics was studied 
to determine whether there was an associated 
alteration in renal function. Glomerular filtra- 
tion rate, RPF and TmG were determined in 
seven dogs, GFR, RPF, Na and K excretion, 
and hematocrit in six hypertensive patients with 
minimal to moderate renal disease and two 
normotensive patients. Following the intra- 
venous administration of 2 mg./kg. of hexa- 
methonium chloride to the seven dogs the 
mean blood pressure was decreased to about 
70 per cent of the control value. There was no 
significant change in GFR, TmG or RPF, 
except in the dogs in whom the hypotensive 
effect was most marked. In these the RPF was 
somewhat depressed. Similar results were ob- 
tained on the two normotensive patients studied. 
Following the intravenous administration of 
20 to 40 mg. of hexamethonium chloride to 
hypertensive humans, the mean blood pressure 
was decreased to 75 per cent, the GFR to 
65 per cent and RPF to 89 per cent of the 
control values. The hematocrit was slightly de- 
creased and urine flow was markedly depressed. 

These observations were interpreted as indi- 
cating that, associated with the hypotensive 
response to hexamethonium, renal vasodilata- 
tion takes place in normal kidneys as indicated 
by a decrease in renal vascular resistance. This 
results in a maintained RPF and GFR. How- 
ever, the fact that GFR and RPF were dimin- 
ished significantly in the hypertensive patients 
indicates that the diseased kidney is unable to 
compensate for a moderate depression of blood 
pressure. 
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EFFECT OF ACUTE REDUCTION OF ARTERIAL PRES- 
SURE USING HEXAMETHONIUM ON THE MANIFESTA- 
TIONS OF CONGESTIVE HEART FAILURE IN MAN. 
Robert T. Kelley, M.D. (by invitation), Thomas F. 
Higgins, M.D. (by invitation) and Edward D. Frets, 
M.D. (From the Veterans Administration 
Hospital, Washington, D. C.) 

In the treatment of congestive heart failure 
the possible value of agents which decrease 
vascular resistance has not been extensively in- 
vestigated, despite the observations of Starling 
that decrease of total peripheral resistance 
improves the output of the isolated dog’s heart. 

The immediate effects of hypotensive doses 

of intravenous hexamethonium was determined 
in acute experiments in ten patients with con- 
gestive failure. In all cases the venous pressure 
was reduced by 18 to 132 mm. water (mean 
77 mm.). The arm to tongue circulation time 
decreased significantly in seven instances (range 
26 to 54 per cent, mean 41 per cent). In seven 
patients the heart rate decreased from 5 to 
19 beats per minute (mean 12). Three of five 
cases exhibiting orthopnea showed definite 
improvement in this symptom. Increase in vital 
Capacity occurred in three of eight patients 
tested. These evidences of improvement were 
observed in normotensive as well as hyper- 
tensive types of heart disease. Electrocardio- 
graphic changes consisted of prolongation of 
the Q-T interval in eight of nine cases studied 
and slightly greater inversion of T waves in four 
patients. These studies suggest that decrease of 
peripheral resistance may benefit cardiac failure 
in man as in the experimental animals. 
Sruptes In Vasospasm. AN EVALUATION OF WEAK 
OR ABSENT PERIPHERAL Putses. William T. 
Foley, M.D., Ellen McDevitt, M.D. (by invitation), 
John Tulloch, M.D. (by invitation), Martin 
Tunis, M.D. and Irving S. Wright, M.D. (From 
the Vascular Section, Department of Medicine, 
Cornell University Medical College, New York, 
N. Y.) 

A group of one hundred individuals with 
various peripheral vascular diseases, increased 
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and normal vasomotor tone, were studied. Ob- 
servations were made on the character and 
quality of the pulses of the wrists and feet, oscillo- 
metric readings, blood pressure, pulse rate and 
clinical evaluation of vasomotor tone of hands 
and feet as denoted by color, warmth and 
moisture following the administration of various 
vasodilating agents. In a selected group of 
thirty patients skin temperature studies and 
arterial pulse tracings were made in addition by 
means of electronic equipment in a constant 
temperature room. 

Absent or weak pulses due to vasospasm can 
be increased to full bounding pulses in a period 
of less than three minutes by the sublingual 
administration of nitroglycerine. Organically 
blocked or narrowed arteries give an increase 
equal only to the degree of spasm present. This 
observation serves to provide a simple, quick 
bedside test to distinguish the absent pulse due 
to vasospasm from that due to organic occlusion. 
OBSERVATIONS ON THE NORMAL SPATIAL VECTOR- 
CARDIOGRAM. J. A. Abildskov, M.D., C. E. Jack- 
son, M.D. (by invitation), J. A. Cronvich, M.S. and 
G. E. Burch, M.D. (From the Department of 
Medicine, Tulane University School of Medi- 
cine, New Orleans, La.) 

Theoretic considerations indicate that spatial 
vectorcardiograms may provide data not avail- 
able from conventional electrocardiograms and 
limited experience seems to confirm this. Before 
spatial vectorcardiography can be properly 
applied to abnormal cardiac states, however, it 
is necessary to have a better knowledge of the 
normal variations. It was thought, therefore, 
that certain features of the vectorcardiograms 
of seventy-five normal young male adults 
studied to date would be of interest. 

The results can be summarized as follows: 
(1) Although planar projections showed wide 
variations, as are encountered among normal 
electrocardiograms, sixty-six of the three-dimen- 
sional vectorcardiograms could be described as 
positional variants of a single basic pattern, 
indicating the important role of cardiac position 
‘in determining the form of the electrocardio- 
gram. (2) Because of the claim that the 
precordial leads can be derived from the vector- 
cardiogram, such an analysis was made in sixty- 
three of the records. In none of these could 
detailed characteristics be obtained and in ten, 
the predicted form of the precordial leads was 
abnormal, whereas the leads actually recorded 
were normal. 
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STUDIES ON AN ELECTROCARDIOGRAPHIC MANI- 
FESTATION OF HypoxemiA. Dan C. Roehm, M.D. 
(by invitation), Ross C. Kory, M.D. and George R. 
Meneely, M.D. (From the Research Laboratory 
and Medical Service, Thayer Veterans Ad- 
ministration Hospital and the Department of 
Medicine, Vanderbilt University School of 
Medicine, Nashville, Tenn.) 

The changes in the duration of the Q-T 

interval during the course of the Levy hypoxemia 
test have been analyzed with corrections for 
heart rate (Bazett). The duration of mechanical 
systole was estimated by measuring from the 
peak of the R wave in V, to the onset of the 
second heart sound (Az;) in a simultaneous phono- 
cardiogram. Normal volunteer subjects and a 
group of patients with coronary artery disease 
with positive hypoxemia tests were studied. The 
normal subjects exhibited a mean QTc maximal 
increase of 0.014 + 0.010 seconds during the 
hypoxic period as compared with a mean 
increase of 0.038 + .012 seconds in the patients. 
Following oxygen administration the control 
group showed a mean decrease in QTc of 
0.015 + .013 seconds as compared with 0.041 
+ .022 seconds for the patients. Several addi- 
tional patients with strong objective evidence of 
coronary artery disease with negative hypoxemia 
tests did not differ appreciably from the ab- 
normal group in Q-T response. The changes in 
R-Az closely paralleled the Q-T changes in the 
normal subjects but not in the patient group. 
It is suggested that careful Q-T measurements 
may furnish additional information in evalua- 
tion of the hypoxemia test. 
TREATMENT OF BARBITURATE POISONING BY 
Hemopiacysis. W. P. Walsh, M.D. (by invitation), 
L. H. Kyle, M.D., P. D. Doolan, M.D. and H. J. 
Jeghers, M.D. (From the Department of Medi- 
cine, Georgetown University Medical Center, 
Washington, D. C.) 

These studies to determine the feasibility of 
use of the artificial kidney in the treatment of 
barbiturate poisoning compare the amount of 
barbiturate removed by hemodialysis with that 
obtained by normal renal excretion. Two pa- 
tients with chronic uremia were given a thera- 
peutic dose of barbiturate prior to dialysis. 
Two normal persons were given a similar dose 
and urinary excretion was measured. Removal 
of the drug by hemodialysis was much more 
efficient. Urinary excretion of the drug was 
measured in three patients with barbiturate 
poisoning under varying conditions of hydra- 
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tion. Urinary excretion varied between 2 and 
13 mg. of barbiturate per hour, the higher 
values being associated with massive hydration. 
In a control patient with a comparable blood 
level of barbiturate who underwent dialysis by 
the artificial kidney the average removal of 
barbiturate was 121 mg. per hour. One patient 
with severe barbiturate poisoning excreted 
71 mg. of barbiturate in a urine volume of 
1,240 cc. over a period of twelve hours just prior 
to hemodialysis. After a five-hour dialysis 
739 mg. of the drug were found in the bath. In 
terms of hourly excretion 6.0 mg. were removed 
by the kidneys and 148.0 mg. by hemodialysis. 
This patient was completely areflexic and un- 
responsive to analeptic therapy after thirty-six 
hours of conservative treatment prior to dialysis 
but following this procedure she responded 
readily to picrotoxin. 

On the basis of these findings it may be con- 
cluded that barbiturates are removed at least 
fifteen to twenty-five times more effectively by 
hemodialysis than by normal urinary excretion 
and the use of the artificial kidney is recom- 
mended for the treatment of severe barbiturate 
METHYL ALCOHOL PolsoninGc. EXPERIENCE WITH 
320 Cases. Ivan L. Bennett, Jr.. M.D., George L. 
Mitchell, Jr.. M.D. (by invitation), Freeman H. 
Cary (by invitation), Manuel Cooper (by invitation) 
and James D. Evans (by invitation). (From the 
Department of Medicine, Emory University 
School of Medicine, Atlanta, Ga.) 

Observations have been made on 320 patients 
who ingested bootleg whiskey contaminated by 
methyl alcohol. By far the most important 
factor in treatment and prognosis is the degree 
of acidosis produced by the intoxication. Of 
112 patients with lowered plasma bicarbonate, 
18 per cent died. Of twenty-seven patients with 
plasma bicarbonate below 10 mEgq,., 48 per cent 
died. Vigorous alkalinization by intravenous 
infusion of sodium bicarbonate in 3 or 5 per cent 
solution resulted in prompt alleviation of 
symptoms in most cases. Exceptions were eight 
patients who were moribund on arrival and 
three patients who remained comatose despite 
restoration of bicarbonate to normal and died 
after several days. Laboratory data of interest 
included the finding of higher levels of methyl 
alcohol in the cerebrospinal fluid than in the 
blood as well as the detection of methyl! alcohol 
in ic washings as late as four days after 
ingestion. Serum Na* and K* levels were nor- 
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mal even in severely acidotic patients before 
therapy. After infusion of large amounts of 
sodium bicarbonate, hypokalemia was oc- 
casionally encountered. Acetonuria was com- 
mon and blood ketone levels were elevated 
although this elevation was not of a degree 
sufficient to explain the extreme acidosis. An 
interesting finding was elevation of serum 
amylase; pancreatic lesions were noted at 
autopsy in several patients. Visual disturbances 
accompanied by characteristic retinal changes 
were observed in about 50 per cent of acidotic 
patients. 

EFFECTS OF METHYL AND ETHYL ALCOHOL ON 
CEREBRAL BLoop FLow AND OxyGEN Consump- 
TION. Louis L. Battey, M.D. (by invitation), John 
L. Patterson, M.D. (by invitation) and Albert 
Heyman, M.D. (From the Departments of 
Medicine and Physiology, Emory University 
School of Medicine, and Grady Memorial 
Hospital, Atlanta, Ga.) 

The cerebral blood flow (CBF) and metab- 
olism (CMRO,) were studied by the nitrous 
oxide method in five patients with methyl 
alcohol poisoning, four patients with delirium 
tremens and ten individuals given intravenous 
infusions of ethyl alcohol. The patients with 
methanol ingestion were confused or comatose 
and had a mean CBF of 36 cc. and a CMRO;of 
2.0 cc./100 gm. brain/min., compared with the 
normal values of 50 cc. and 3.1 cc., respec- 
tively. Repeat studies in four of these patients 
during recovery showed that two of them had 
a significant increase in both CBF and CMRO; 
while two others had no change in these func- 
tions. The four patients with delirium tremens 
also showed a definite reduction of cerebral 
blood flow and oxygen consumption, with 
values of 34 cc. and 2.4 cc., respectively. The 
administration of 85 to 300 cc. of 5 to 10 per 
cent alcohol intravenously in normal individuals 
produced drowsiness and euphoria, but no 
significant change either in blood flow or 
oxygen consumption. 

These studies provide further evidence of 
the striking difference in the acute toxicity of 
methanol and ethanol. They also demonstrate 
the metabolic abnormalities which would be 
anticipated from the clinical and pathologic 
findings in delirium tremens. Ethanol in the 
dosages employed is not an efficient cerebral 
vasodilator. 

EFFECT OF EXPERIMENTAL METABOLIC ALKALOSIS 
ON CEREBRAL BLoop FLow. J. F. Schieve, M.D. 
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and W. P. Wilson, M.D. (by invitation). (From 
the Departments of Medicine and Psychiatry, 
Duke University School of Medicine, Durham, 
N. C.) 

Cerebral vascular tone is predominantly 
under chemical control. Respiratory acidosis 
produced by carbon dioxide inhalation causes 
increased cerebral blood flow (CBF) and 
cerebral vasodilatation. Respiratory alkalosis 
produced by hyperventilation results in de- 
creased CBF and cerebral vasoconstriction. 
These studies fail to separate which factor, 
arterial blood pH or COs: content, is more 
important in regulating cerebral vessel tone. 

Using the nitrous oxide method for measuring 
CBF fifteen patients were studied before and 
toward the end of rapid intravenous infusions 
of 3 per cent NaHCO; (nine patients) and 
normal saline (six patients). Both fluids were 
given at the same rate (15 cc. per minute), in 
equal quantities (900 cc.) and over the same 
time period (one hour). Neither was accom- 
panied by subjective sensations nor changes in 
pulse rate, blood pressure or respiratory rate. 
A similar degree of hemodilution occurred 
following both types of infusions. 

Sodium bicarbonate produced a marked 

consistent increase in CBF (65 per cent) com- 
parable in magnitude to that following inhala- 
tion of 5 per cent COQ:. No change in cerebral 
oxygen consumption resulted. Arterial blood 
pH changed from 7.35 to 7.53. Normal saline 
produced no change in CBF, cerebral oxygen 
consumption or arterial blood pH. This study 
suggests that the bicarbonate ion is more im- 
portant than pH in controlling cerebral vascular 
tone. 
EFFECTS OF INTRAVENOUS PAPAVERINE AND PRo- 
CAINE ON CEREBRAL BLoop FLOW AND METAB- 
OLIsM. Peritz Scheinberg, M.D., Harold W. Jayne, 
M.D. (by invitation), Ione Blackburn (by invitation), 
Maurice Rich, M.D. and Martin S. Belle, M.D. 
(From the Department of Experimental Medi- 
cine, University of Miami Medical Research 
Unit, and the Department of Medicine, Vet- 
erans Administration Hospital, Coral Gables, 
Fla.) 

Papaverine and procaine have both been 
used in the treatment of various cerebral 
vascular and metabolic disorders. Symptoms 
of procaine toxicity are thought to be due to a 
deleterious effect of the drug on the brain. The 
purpose of this study was to measure the effects 
of intravenous papaverine and procaine on 


cerebral metabolic functions in man by use of 
the nitrous oxide technic for cerebral blood 
flow. 

In eighteen patients administration of 200 mg. 

papaverine in ten minutes resulted in a 13 per 
cent increase in cerebral blood flow, with no 
change in cerebral oxygen consumption, a 
13 per cent reduction in mean arterial pressure 
and a 17 per cent reduction in cerebral vascular 
resistance. These changes were thought to be 
due to a direct vasodilating action of the drug, 
which was quantitatively as effective in elderly 
as in young subjects. In sixteen patients ad- 
ministration of 750 mg. procaine in twenty 
minutes resulted in no significant effect on 
cerebral blood flow or oxygen consumption, 
but did produce a questionably significant 
increase (14 per cent) in cerebral vascular re- 
sistance. None of the patients showed clinical 
toxicity to the drug. Seventy-five mg. priscoline 
intravenously produced no apparent change in 
cerebral blood flow in five patients. 
ALVEOLAR ARTERIAL OXYGEN PREssuRE GRADI- 
ENT IN ANEMIA. J. B. Hickam, M.D. and J. M. 
Ryan, M.D. (by invitation). (From the Depart- 
ment of Medicine, Duke University School of 
Medicine, Durham, N. C.) 

It is generally thought that arterial oxygen 
tension is normal in anemia. The advent of 
sensitive methods for measuring blood oxygen 
tension and the finding that breathing is signifi- 
cantly influencéd under certain conditions by 
changes in arterial oxygen tension which are 
difficult to detect by older methods suggested 
that the problem be re-investigated in connec- 
tion with the dyspnea of anemia. 

Arterial blood gas tension was measured by 
the method of Riley and colleagues, and alveolar 
oxygen tension was calculated by the alveolar 
equation. Measurements were made on ten 
anemic patients (mean Hgb. 5.7 gm. per cent) 
and eleven control subjects (mean Hgb. 12.9 gm. 
per cent), none of whom had congestive failure 
or pulmonary disease. The arterial blood oxygen 
tension was 94.1 + 2.4 mm. Hg for the normal 
subjects and 82.1 + 2.6 for the anemic subjects 
(p < .01). The alveolar-arterial oxygen pressure 
gradient (A-A gradient) was 4.2 + 2.0 for the 
normal and 20.5 + 4.6 for the anemic group 
(p < .01). On 15 per cent O2, the A-A gradient 
of the anemic group fell to 3.3 + 4.0 mm. Hg. 
A-A gradient and hemoglobin had a significant 
negative correlation. 

Anemic persons have a distinctly reduced 
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arterial O, tension which becomes lower as the 
anemia becomes more severe. This is probably 
a significant factor in the exertional dyspnea of 
anemia. 

ESTIMATION OF THE VOLUME OF THE EXTRACEL- 
LULAR FLuIp wITH RADIOACTIVE SULFATE. M. 
Walser, M.D., D. S. Seldin and C. H. Burnett, M.D. 
(From the Department of Internal Medicine, 
Southwestern Medical School of the University 
of Texas, Dallas, Tex.) 

S-35 labelled sulfate offers several theoretic 

advantages over many other substances used to 
measure extracellular fluid volume: no correc- 
tion for endogenous substance is necessary; 
renal loss is relatively slow; and, since a negligi- 
ble weight of sulfate is injected, no change in 
internal fluid by osmotic effects is 
produced. A method for analysis of radioactive 
sulfate in plasma and urine with an error of 
about 1 per cent was developed. Analysis of the 
arterial concentration time curve in normal 
subjects showed that equilibration after intra- 
venous injection proceeded rapidly at a single 
exponential rate and was essentially completed 
in eighteen minutes. The _ eighteen-minute 
volume of distribution of radiosulfate, corrected 
for urinary loss, was 13 to 19 per cent of body 
weight in ten normal subjects. In a given subject 
results were usually reproducible within 0.3 L. 
or less. After equilibration the progressive in- 
crease in volume of distribution was slow, sug- 
gesting that the eighteen-minute volume of dis- 
tribution does not include a significant portion 
of cell water. The determination of extracellular 
fluid volume by this method offers distinct 
advantages over most other methods in that it 
involves only a single injection which equibrates 
rapidly and is without osmotic effects. 
EFFECT OF CORTISONE AND ACTH on RENAL 
EXCRETION OF CHLOorIDES. J. E. Kimbrough, B.S. 
(by invitation), R. M. Lightfoot, B.S. (by invitation) 
and Howard L. Holley, M.D. (From the Depart- 
ment of Medicine, Medical College of Alabama, 
Birmingham, Ala.) 

A chloride deficit alkalosis commonly develops 
in patients treated with corticotropin and corti- 
sone. To determine the mechanism of the 
production of the chloride loss by way of the 
kidney studies of urinary chloride excretion 
together with urinary volume were performed 
on six patients receiving corticotropin and 
cortisone. Patients were placed on a fixed diet— 
identical from day to day—for a control period 
for not less than forty-eight hours before 
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hormonal therapy was instituted. Twenty-four- 
hour urine specimens were collected throughout 
the period of study, including at least one twenty- 
four-hour specimen prior to initiation of therapy. 
The urinary chlorides were determined by the 
Arnold modification of the Volhard technic. 
Patients treated with cortisone showed a definite 
increase in total urinary chloride excretion be- 
ginning shortly after the onset of therapy and a 
concomitant increase in urinary volume. How- 
ever, the minute concentration of chloride per 
unit of urine before and after therapy did not 
change. Although the total chloride excreted 
was increased, there was no selective increase 
in excretion of this ion. The inhibiting action of 
cortisone on the antidiuretic hormone no doubt 
accounted for the diuresis which was accom- 
panied by chloride loss from the body. 

Patients receiving corticotropin therapy showed 
a consistent initial retention of water and chlo- 
ride followed shortly by a pattern of water and 
chloride excretion similar to that in patients on 
cortisone therapy. Early elaboration of the 
electrolyte retaining hormone, similar to desoxy- 
corticosterone, by the adrenal cortex under 
influence of the stimulating drug was thought 
to account for this early pattern of chloride and 
water retention. 

THe Repox REAcTION oF LEUKOCYTES OF Nor- 
MAL INDIVIDUALS AND PATIENTS WITH DISsSEMI- 
NATED Lupus ERYTHEMATOsSUs. S. N. Chaudhuri, 
M.D. (by invitation) and Samuel P. Martin, M.D. 
(From the Department of Medicine, Duke 
University School of Medicine, Durham, N. C.) 

A quantitative method for the study of human 
leukocytes with redox dyes has been applied to 
disseminated lupus erythematosus. A relatively 
pure suspension of white cells is obtained by 
dextran sedimentation of the erythrocytes. 
These cells are incubated with homologous or 
normal plasma, a dye (2-6 dichlorophenol- 
indophenol Eh» + 0.217) is added and the rate 
of conversion to the leuco form is measured by 
a photoelectric spectrophotometer. 

The cells from patients with lupus erythema- 
tosus after exposure to buffered saline, normal 
plasma or plasma from the patient convert the 
dye slowly and never completely. The cells from 
normal individuals exposed to buffered saline 
or normal plasma have a brisk reduction rate 
but after thirty minutes exposure to plasma 
from patients with lupus erythematosus lose 
this characteristic. The factor responsible for 
this is very labile. 
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Therapy with ACTH produces a return of 

the ability of the cell to reduce the dye and the 
plasma will no longer interfere with normal 
cells even though it still induces morphologic 
changes in the cells. This type of dye reaction 
has been noted in all patients with disseminated 
lupus studied, an occasional patient with discoid 
lupus and in rare moribund individuals with 
other diseases. 
BACTERIAL ENDOCARDITIS DUE TO PSEUDOMONAS 
AERUGINOSA— TREATED WITH NEomycINn. Wilbur 
L. Kenoyer, Capt., U.S.A.F. (M.C.) (by invitation), 
Charles T. Stone, M.D. (by invitation) and William 
C. Levin, M.D. (From the Department of In- 
ternal Medicine, The University of Texas 
Medical Branch, Galveston, Tex.) 

The literature contains reports of eleven cases 
of bacterial endocarditis due to Pseudomonas 
aeruginosa with no recoveries. The present 
report describes a case of bacterial endocarditis 
caused by this organism in which treatment with 
neomycin was followed by recovery. 

A twenty year old white male had been 
known to have rheumatic heart disease since the 
age of seven. Valvular lesions consisted of mitral 
stenosis and insufficiency and aortic insuffi- 
ciency. He had a febrile illness of one week’s 
duration when hospitalized. Blood cultures were 
taken and treatment was instituted with peni- 
cillin and streptomycin. There was slight initial 
improvement but relapse occurred in one week. 
The blood cultures yielded Pseudomonas aerugi- 
nosa which was insensitive to penicillin, aureo- 
mycin, chloramphenicol, streptomycin and ter- 
ramycin at attainable blood levels, but was 
sensitive to neomycin in a concentration of 
5 pg./cc. Neomycin was given intramuscularly 
in a dosage of 0.5 gm. every six hours. Within 
thirty-six hours the fever subsided and the pa- 
tient became asymptomatic. All subsequent 
blood cultures were negative. Within fourteen 
days, bilateral high frequency hearing loss was 
noted and the drug was discontinued. This 
hearing loss has persisted although there is 
minimal loss in the spoken voice range. The 
remission of the bacterial endocarditis has per- 
sisted for four months. No appreciable change 
in the cardiac status has occurred. 

This report indicates that neomycin may be 
used successfully in the treatment of an infection 
previously considered to be universally fatal. 
The drug is extremely toxic and its use should 
be reserved for infections with organisms insensi- 
tive to other antibiotics. During therapy with 


neomycin careful attention should be given to 
development of toxic reactions. 

ABSORPTION, DISTRIBUTION AND EXCRETION OF 
INTRAMUSCULARLY ADMINISTERED CHLOROMYCE- 
TIN IN ACETYL DIMETHYLAMINE AND ORALLY 
ADMINISTERED CHLOROMYCETIN PALMITATE. El- 
lard M. Yow, M.D., H. E. Carnes, M.D. (by 
invitation), Joseph Hirsch, M.D. (by invitation), 
R. A. Frankel, M.D. (by invitation) and F. W. 
Taylor, M.D. (by invitation). (From the Depart- 
ment of Medicine, Baylor University College 
of Medicine, Houston, Tex.) 

The absorption, distribution and excretion 
of two new forms of chloromycetin were studied 
in forty-one patients varying in age from one 
month to seventy-eight years. Body fluid levels 
were determined by both microbiologic assay 
and a colorimetric method based on the reduc- 
tion of chloromycetin with stannous chloride, 
diazotization and coupling with the Bratton- 
Marshall reagent. 

Foilowing single intramuscular injections of 
chloromycetin in acetyl dimethylamine there 
was a slight initial rise, followed by a gradual 
fall in the blood level over a period of eight to 
twelve hours. Although 50 to 60 per cent of the 
drug was excreted in the urine in twenty-four 
hours, the blood level curves suggested slow and 
inconstant absorption. When chloromycetin 
was given intramuscularly at four-hour inter- 
vals, higher blood levels were attained but the 
levels were not consistent. Cerebrospinal fluid 
and pleural fluid concentrations of the drug 
were about half the serum levels. 

A tasteless ester of chloromycetin was ad- 
ministered orally to thirty-two patients using 
varying dosage schedules. Following the ad- 
ministration of single doses peak levels were 
reached in two hours and detectable levels 
were present for twelve to twenty-four hours. 
Relatively constant levels were maintained 
when the drug was administered every six to 
eight hours, comparable to those obtained 
following the oral administration of crystal- 
line chloromycetin. The drug diffused into 
the cerebro-spinal fluid and pleural fluid, and 
was largely excreted in the urine in twenty-four 
hours. 

PHOTOMETRIC ANALYSIS OF CERTAIN LIGHT 
ABSORPTION PROPERTIES OF INTRAEPITHELIAL 
CaRcINOMA, INVASIVE CARCINOMA, SQUAMOUS 
METAPLASIA AND NoRMAL EPITHELIUM OF THE 
Cervix UTeri. Alvan G. Foraker, M.D. (From 


the Departments of Pathology of Emory Univer- 
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sity School of Medicine and Grady Memorial 
Hospital, Atlanta, Ga.) 

Differences in some light absorption proper- 
ties between normal, metaplastic and neoplastic 
epithelium were measured photometrically in 
three groups of twenty patients each with in- 
vasive Carcinoma, intraepithelial carcinoma and 
squamous metaplasia of the cervix. Optical 
densities (D) and “coefficients of basophilia” 
(B) were determined. These factors are believed 
to be expressions of cell nucleoprotein content. 

The results showed: (1) Equivalent mean 
optical densities and “coefficients of basophilia”’ 
of neoplastic epithelium in invasive (D = 0.400; 
B = 0.951) and intraepithelial (D = 0.415; 
B = 0.941), these values being higher than 
those for metaplastic (D = 0.286; B = 0.888) 
or normal (D = 0.259; B = 0.908) epithelium; 
(2) equivalent mean optical densities of normal 
epithelium regardless of associated lesion. (3) 
greater computed “basophilia” of normal epi- 
thelium associated with invasive (B = 0.918) 
and intraepithelial (B = 0.920) carcinoma than 
with squamous metaplasia (B = 0.886). 

Carcinoma may stimulate “basophilia”’ (e.g., 
nucleoprotein content, etc.) in adjacent normal 
epithelium, may arise in epithelium with 
increased nucleoprotein content, and increased 
nucleoprotein content of squamous epithe- 
lium may precede histologically identifiable 
carcinoma. 

The similar light absorption properties of 
invasive and intraepithelial carcinoma lend 
support to the concept that these two lesions are 
only different stages of a neoplastic process. 
HisTOCHEMICAL STupIES OF HuMAN LIvER Bi- 
opsies. W. Lane Williams, Ph.D., F. W. Hoff- 
bauer, M.D. and Richard B. Aronsohn, B.A. (by 
invitation). (From the Departments of Anatomy 
and Medicine, and University Hospitals, Uni- 
versity of Minnesota, Minneapolis, Minn.) 

Decreased ribonucleic acid (RNA) content 
and positive alkaline phosphatase (APh) activity 
were observed in parenchymal cytoplasm of 
livers showing (1) minimal to extensive cirrho- 
sis, (2) carcinomatous metastases, (3) hemo- 


siderosis, (4) non-specific hepatitis and (5) from 


a patient with congenital porphyria. RNA was 
studied by the _ ribonuclease-hydrolysis-baso- 
philic staining technic, and APh by a modified 
Gomori method. Formaldehyde-containing fix- 
atives are satisfactory for subsequently dem- 
onstrating RNA by ribonuclease hydrolysis. 
Routine acid formalin fixation may produce ex- 
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cessively basophilic staining. Zenker’s fluid may 
produce hypobasophilia. Uniform results are 
attained by decreasing or increasing staining 
time. Acetone fixation (as for APh) is unsatis- 
factory for subsequent enzymatic hydrolyses. 
On the basis of reduction of basophilia by 
ribonuclease hydrolysis, gallocyanine-chroma- 
lum staining for sixty hours at pH 2.5 is more 
specific for hepatic RNA than toluidine blue 
staining. Cirrhotic areas contained numerous 
reticular fibers, but no elastic fibers, were 
strongly periodic acid-Schiff’s reagent (PA-S) 
positive and were slightly metachromatic. 
PA-S staining was reduced by trypsin hydrolysis. 
PA-S staining and metachromasia were not 
reduced by hyaluronidase or salivary amylases, 
indicating absence of hyaluronic acid and 
glycogen in these reactions. 

EFFECT OF ANTIBIOTICS ON FECAL PIGMENTs. 
DEXTROROTATORY UROBILIN, ITS PROPERTIES 
AND SIGNIFICANCE. G. Watson James, M.D., Anne 
Anderson, B.S. (by invitation) and Vivian Wilkerson, 
B.S. (by invitation). (From the Laboratories for 
Clinical Investigation, Department of Medi- 
cine, Medical College of Virginia, Richmond, 
Va.) 

Stercobilin, strongly levorotatory, isolated 
from feces by Watson, and urobilin IX, a, 
optically inactive, prepared from mesobilirubin- 
ogen synthetically, have both been thoroughly 
described. A dextrorotatory urobilin from in- 
fected bile, and in feces of one patient following 
oral aureomycin has been reported but not 
isolated in quantities for adequate study. 

From patients with various hemolytic anemias, 
stercobilin was isolated. Then aureomycin or 
terramycin was given for several days. When 
the Ehrlich reaction had returned a crystalline 
dextrorotatory urobilin was regularly obtained 
from the feces in large quantities. In one patient 
with N?® labelled red cells, the isotope content 
of stercobilin and d-urobilin was the same, indi- 
cating a common source. d-Urobilin was present 
in the feces for as long as two months after the 
antibiotics had been discontinued. During 
chloromycetin administration only stercobilin 
was obtained. 

d-Urobilin possesses some of the chemical and 
physical properties of both urobilin IX, a and 
stercobilin. Two crystal forms have been ob- 
served. The chemical reactions are more similar 
to those of urobilin IX, a. The Ehrlich reaction, 


both quantitatively and is identi- 


cal with stercobilinogen, and d-urobilinogen 


I1O 


after the Terwen procedure is quantitatively 
extractable with petroleum ether. Other proper- 
ties, its significance and possible modes of origin 
will be discussed. 

USEFULNESS OF SERUM CHOLINESTERASE DETER- 
MINATION IN LIVER DISEASE AND MALIGNANCY: 
A PRELIMINARY Report. David W. Molander, 
M.S., M.D. (by invitation), Max Freedman, Ph.D. 
(by invitation) and John S. LaDue, M.D., Ph.D. 
(From the Pack Medical Group, New York, 
N. Y.) 

Serum cholinesterase activity was deter- 
mined in 120 normal controls and in 100 pa- 
tients by a colorimetric method that compares 
_ favorably with Michel’s potentiometric method. 
In addition, several other standard liver function 
tests were determined. Low levels were found 
in patients with acute parenchymal liver disease. 
The levels varied in cirrhotics. In patients with 
widespread metastatic carcinoma with metas- 
tases to the liver, low levels were general. In 
cases of lymphoma with liver involvement, low 
levels were consistent. In general, lower levels 
were observed in patients with more extensive 
disease than in those with less involvement. In 
patients with lymphoma levels progressed to- 
ward normal with treatment and clinical 
improvement. 

In some cases in which the other liver function 
tests were not greatly altered the serum cho- 
linesterase was low and was a useful guide to 
the clinician in planning the management of 
these patients. It was helpful in interpreting 
the values of other liver function tests particu- 
larly in patients with parenchymal liver disease 
and intrahepatic biliary obstruction in which 
elevated alkaline phosphatase levels may falsely 
lead to surgical intervention. 

The distinct clinical impression was gained 
that serum cholinesterase activity is a further 
useful liver function test in detecting liver 
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disease, in following improvement in cases of 
lymphoma with liver involvement, in evaluating 
patients with possible liver metastases and 
finally in differentiating the etiology of jaundice 
in various patients. 

HyPOKALEMIA IN PoRTAL CIRRHOSIS: FREQUENCY 
AND THERAPEUTIC SIGNIFICANCE. E. L. Artman, 
M.D. (by invitation) and Robert A. Wise, M.D. 
(From the Department of Medicine, Baylor 
University College of Medicine and the Veterans 
Administration Hospital, Houston, Tex.) 

In July, 1950, hypokalemia was noted in a 
severely ill, comatose patient with portal cirrho- 
sis. Hypokalemia was noted in hepatocellular 
disease by Snell in 1941, and recently by Latner, 
and Farber et al. Latner emphasized that 
potassium should be given to prevent further 
depression from glucose administration. 

Thirty patients were studied to ascertain its 
frequency and therapeutic significance. Serial 
studies of serum potassium and sodium, total 
base, liver function and electrocardiograms were 
obtained. The clinical diagnoses were confirmed 
in eight by needle biopsy, in eight by necropsy 
and in one at laparotomy. Hypopotassemia was 
noted in twenty-five of thirty patients; serum 
potassium was normal in five. In eight the 
hypokalemia persisted despite adequate diet 
and additional potassium administration. In 
ten cases of coma potassium replacement 
therapy was instituted. Our studies indicate 
that hypokalemia may be present in cirrhosis 
of the liver before therapy and may persist after 
intravenous administration of glucose is dis- 
continued. The hypokalemia is greater and more 
prolonged in the more severe cases. Replace- 
ment potassium therapy in addition to con- 
ventional measures resulted in recovery of 
eight of our ten cases of hepatic coma. Such 
results indicate that corrections of hypokalemia 
may be of critical therapeutic significance. 
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Case Report 


A Hemorrhagic State during Pregnancy’ 


With the Presence of Maternal Rh Antibodies, Death of the Fetus 
and Hypofibrinogenemia 


Oscar D. RaTNorF, M.D., CARL F. LAUSTER, M.D., JOHN G. SHOLL, M.D. 
and Myron O. SCHILLING, A.B. 


Cleveland, Ohio 


EMORRHAGE is among the leading causes 
H of maternal death in the United 
States. During the last few years it has 
become evident that certain instances of hemor- 
rhage during pregnancy have been associated 
with disturbances in the blood-clotting mecha- 
nism. In 1950 Weiner, Reid, Roby and Diamond 
described three pregnant women who exhibited 
severe hemorrhagic phenomena at the time of 
delivery.'! In each case the patient’s blood was 
Rh negative and contained appreciable quanti- 
ties of antibodies against the Rh factor. The 
fetuses appeared to have died in utero from 
eight to ten weeks before delivery. No ab- 
normalities in the clotting mechanism had been 
demonstrated until the onset of labor. In each 
case the bleeding during labor was associated 
with the presence of extreme hypofibrinogene- 
mia, and the blood-clotting mechanism returned 
to normal shortly after delivery. No satisfactory 
explanation for the hypofibrinogenemia could 
be found but the observations which Weiner 
and his associates reported made it seem un- 
likely that the patients had hepatic damage or 
that their blood possessed unusual fibrinogeno- 
lytic or fibrinolytic activity. 
Recently at University Hospitals of Cleveland 
a patient was observed in whom death of the 
fetus occurred during the sixth calendar month 
of her pregnancy. The patient’s blood was Rh 
negative and contained Rh antibodies. During 
the eighth month of her pregnancy various 
hemorrhagic phenomena occurred which proved 
to be related to hypofibrinogenemia. Unlike 


the patients previously described, however, 
this patient did not go into labor spontaneously. 
Ten weeks after the first episode of bleeding the 
patient’s uterus and its contents were removed. 
Immediately thereafter the concentration of 
fibrinogen in the patient’s plasma rose to normal 
levels and no further hemorrhagic episodes were 
observed. 


CASE REPORT 


Mrs. S. (U.H. No. 617-224), a thirty-five 
year old American-born pregnant housewife of 
Italian extraction, was admitted to the Uni- 
versity Hospitals on September 27, 1951, be- 
cause of purpura which had been present for 
one day. The patient’s red blood cells were Rh 
negative and her husband’s were Rh positive. 
She had had three previous pregnancies, in 
1946, 1947 and 1949, each of which had resulted 
in the birth of a healthy, Rh positive child. 
At the second delivery the placenta was com- 
pletely adherent and was removed manually. 
The uterus remained atonic and a postpartum 
hemorrhage of approximately 800 ml. of blood 
followed. The patient was given a transfusion 
of 500 ml. of whole blood which was Rh posi- 
tive because of an error in blood typing. The 
third pregnancy was again complicated by a 
completely adherent placenta which was re- 
moved manually without undue bleeding. She 
was asymptomatic after the last pregnancy. 

The patient’s last menstrual period began 
on January 17, 1951, and the expected date of 
confinement was October 24th. She gained 
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about 18 pounds until July. The prenatal course 
was uneventful until July 31st when the patient 
became aware of the absence of fetal move- 
ments. Aside from a gradual loss in weight of 
about 8 pounds, she was otherwise asympto- 
matic. On September 12th, during the eighth 
calendar month of her pregnancy, the patient 
awoke one morning with her mouth full of blood. 
On September 26th, two weeks later, ecchymoses 
appeared on her legs and arms, and the ankles 
were swollen, discolored and painful; the pa- 
tient was admitted to the hospital for study. 
During the week before her hospitalization the 
patient had had several epistaxes. Previous to 
her present illness the patient had no history 
of hemorrhagic phenomena and her family 
history was free of hematologic disorders. 

At the time of her admission to the hospital 
the patient did not appear to be ill. Ecchymoses 
were present on the ankles, shins, knees, hips, 
wrists and elbows. The right arm and forearm 
were swollen and ecchymotic, and the ankle 
and dorsum of the right foot were swollen. The 
size of the uterus was consistent with a pregnancy 
of six months’ duration, and the fetal heart was 
not audible. | 

The patient’s red blood cell count was 
4,300,000 per mm.*, the hemoglobin was 
13.9 gm. per 100 ml. (Sahli), and the hemato- 
crit was 39 per cent. There were 9,600 white 
blood cells per mm.* of which 74 per cent were 
segmented neutrophils, 6 per cent non-seg- 
mented neutrophils, 15 per cent lymphocytes, 
3 per cent monocytes and 2 per cent basophils. 
There were 382,000 platelets, clot retraction 
was complete within a few hours, the bleeding 
time was two minutes and forty-five seconds, 
the prothrombin time was 72 per cent of normal, 
and the clotting time was seventeen minutes— 
all normal values. A tourniquet test was normal. 
The concentration of ascorbic acid in plasma 
was 8 pg. per ml., also a normal value. The 
serum albumin was 5.0 gm. per cent, the 
globulin, 2.5 gm. per cent and the non- 
protein nitrogen, 26 mg. per 100 ml. The cepha- 
lin-cholesterol flocculation test was negative, the 
thymol turbidity was 3.0 Maclagan units, and 
the icterus index was 5. A serologic test for 
syphilis was negative. An x-ray examination of 
the abdomen on September 21, 1951, demon- 
strated a fetus the size of which was consistent 
with a pregnancy of five or six months’ duration. 

Repeated determinations were made of the 
anti-Rh titer of the patient’s serum. At no time 


was more than a trace of Rh antibody demon- 
strable when the cells were suspended in a 
solution of 0.85 per cent sodium chloride. When 
a 30 per cent solution of bovine albumin was 
used as the medium, Rh antibodies were demon- 
strable in a dilution of 1:16 on July 30th, August 
31st and October 7th, 1:32 on October 30th 
and November 7th, and 1: 64 on November 15th 
and December 4th. Similar titers were demon- 
strable on these days when the patient’s plasma 
was mixed with trypsin-treated red blood cells. 
The indirect Coombs test was positive in each 
of the sera tested. 

The patient was placed at bed rest and on 
this regimen the ecchymoses and joint swelling 
gradually disappeared. The patient had several 
nose bleeds during the first few days of hos- 
pitalization. She noted bleeding of the gums 
whenever she brushed her teeth. At no time | 
were there any signs of impending labor. 
Vaginal examination about two weeks after the 
expected date of confinement showed that the 
presenting part of the fetus was still floating and 
that the cervix was long and closed. On Novem- 
ber 7, 1951, a supracervical hysterectomy was 
performed under the conditions to be described. 
The uterus contained a macerated male fetus, 
30 cm. in length, within an intact ova sac. The 
placenta was implanted on the posterior wall 
of the uterus and extended downward to the 
region of the internal os. The fetal surface of 
the placenta was irregular and glistening. In 
several portions it was a pale yellowish gray; 
in others, particularly around the circumference, 
it was dark blue. On section the placenta was 
firmly adherent to the posterior uterine wall. 
Near the uterine surface it was dull, yellowish 
gray while the remaining portion was soft and 
dark red. Near the external border the placenta 
was separated from the uterus, leaving a free 
maternal margin of placenta which varied 
from 2.2 to 8.3 cm. in different places. His- 
tologically, the venous sinuses of the endo- 
metrium and myometrium were engorged and 
an occasional organized thrombus was observed. 
The placenta was widely necrosed, a process 
which appeared to have been present for some 
time; in some of the necrosed areas there were 
deposits of calcium. In the necrosed areas 
patchy zones of antemortem anemic infarcts 
were seen, along with the deposition of con- 
siderable amounts of fibrinoid material between 
the villi. The pathologic diagnoses were placenta 
accreta, focal necrosis and calcification of the 
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placenta, necrosis of the fetal parts and um- 
bilical cord, and focal coagulation necrosis of a 
hypertrophic myometrium. 

The postoperative course was uneventful; no 
hemorrhagic phenomena were observed and the 
patient was discharged from the _ hospital 
on November 17, 1951. She has since been 


asymptomatic. 
METHODS 


Blood specimens for study were drawn from 
the patient’s antecubital veins, usually through 
a No. 18 gauge needle. A portion of each speci- 
men was used for the determination of the 
clotting time and the clot lysis time of whole 
blood. Another portion was decalcified by the 
addition of one part of 0.1 M sodium oxalate 
solution to 9 parts of whole blood. The oxalated 
plasma was separated by centrifugation and 
used in all determinations requiring oxalated 
plasma except the determination of fibrinogen. 
A third portion was mixed with dry oxalate 
salts in a proportion of 5 ml. of whole blood to 
6 mg. of ammonium oxalate and 4 mg. of 
potassium oxalate; this blood was centrifuged. 
The oxalated plasma thus otained was used 
for almost all the determinations of plasma 
fibrinogen; in a few cases plasma, decalcified 
with sodium oxalate, was used instead, and 
correction was made for dilution by the anti- 
coagulant solution. In certain experiments 
platelet-deficient native plasma was prepared 
by high speed centrifugation in the cold, using 
glassware which had been treated with silicone 
and needles coated with Arquad.*®? Nearly 
all the specimens studied were obtained shortly 
after the patient had breakfasted. 

Determination of Clotting Time. One ml. of 
whole blood was transferred immediately to 
each of three dry pyrex test tubes with an 
internal diameter of 11 mm. The tubes were 
stoppered and incubated. With the exceptions 
noted, the clotting time was measured at room 
temperature. Starting five minutes after the 
blood was drawn, the first tube was examined 
for evidence of clotting by tilting the tubes 
approximately once a minute. When the blood 
in the first tube had clotted, the second tube 
was examined in the same manner, and, in turn, 
the third. In the tables only the clotting time 
of the third tube has been recorded. 


* Arquad was obtained through the courtesy of 
Armour and Co., Chicago. 
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Determination of Clot Lysis Time. The speci- 
mens of blood used for the determination of the 
clotting time were incubated at 37°c. for a period 
of one week and examined periodically for 
evidences of liquefaction of the clots. 

Determination of Prothrombin Time. The pro- 
thrombin time was determined in duplicate at 
37°c. by the addition of 0.1 ml. of the patient’s 
oxalated plasma to 0.2 ml. of a mixture of equal 
parts of thromboplastin and 0.025 M calcium 
chloride in pyrex tubes with an internal diame- 
ter of 8 mm. 

Determination of Fibrinogen Content of Plasma. 
In duplicate, samples of oxalated plasma were 
diluted to 10 ml. with 0.85 per cent sodium 
chloride solution and then clotted in the 
presence of crushed glass by the addition of 
50 National Institutes of Health (N.I.H.) units 
of bovine thrombin. The mixture was swirled 
as clotting occurred so that the fibrin which 
was formed adhered to the glass. The fibrin 
was then separated from the supernatant plasma 
by centrifugation and washed twice with 
sodium chloride solution. The amount of fibrin 
was then determined by measuring its “‘tyrosine- 
like’’ activity.‘ With this technic the amount of 
fibrinogen in the plasma in normal non-preg- 
nant women was, on the average, 294 mg. per 
100 ml. with a standard deviation of 60.3 and 
a standard error of 16.1. 

In two experiments the concentration of 
fibrinogen was also determined by measuring 
the “‘tyrosine-like” activity of the fraction of 
plasma precipitated by quarter-saturation with 
ammonium sulfate. A 1 ml. aliquot of oxalated 
plasma was diluted with 2 ml. of 0.85 per cent 
sodium chloride solution, and mixed at room 
temperature with 1 ml. of neutralized am- 
monium sulfate solution, saturated at 4°c. After 
ten minutes the precipitate which formed was 


_ separated by centrifugation and the supernatant 


fluid was discarded. The precipitate was washed 
twice with 25 per cent saturated ammonium 
sulfate and each time the supernatant fluid 
was discarded after centrifugation. The “tyro- 
sine-like”’ activity of the precipitate was then 
measured.‘ 

Preparation of Fibrinogen Test Solution. Desic- 
cated bovine fibrinogen“ was dissolved in 
barbital buffer. The buffer consisted of 0.125 M 
sodium chloride and 0.025 M_ barbital at 
pH 7.5. The desiccated fibrinogen contained 

* Bovine fibrinogen was obtained through the courtesy 
of Dr. Walter Seegers. 
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0.9 gm. of sodium chloride for each 3.3 gm. of 
protein. A small residue remained undissolved, 
and was separated from the solution of fibrino- 
gen by filtration through No. 1 Whatman filter 
paper. For this reason in each experiment the 
actual concentration of fibrinogen in solution was 
somewhat less than the calculated concentration. 
Determination of Fibrinolytic Activity of Plasma. 
Oxalated plasma was diluted serially with 
barbital buffer. Three-tenths ml. of diluted 
plasma were added to 0.3 ml. of a solution of 
bovine fibrinogen in pyrex tubes with an 
internal diameter of 8 mm. The concentration 
of bovine fibrinogen was approximately 250 mg. 
per 100 ml. This mixture was then clotted with 
0.1 ml. of a solution of bovine thrombin con- 
taining 10 N.I.H. units per ml. The tubes were 
stoppered, incubated at 37°c. and observed for 
evidences of fibrinolysis for four days. 
Determination of Inhibitory Activity of Plasma 
against Plasma Proteolytic Enzyme. The inhibitory 
activity of plasma against the plasma proteolytic 
enzyme was determined by measuring its effect 
on purified bovine enzyme. * The bovine enzyme 
was first standardized in the following manner: 
The enzyme was dissolved in buffer and serially 
diluted with buffer. Three-tenths ml. of each 
dilution were pipetted into pyrex tubes with an 
internal diameter of 8 mm. Three-tenths ml. of 
buffer and 0.1 ml. of a solution of thrombin 
containing 10 N.I.H. units per ml. were then 
added to each tube. The tubes were placed in 
an ice bath and 0.2 ml. of fibrinogen solution 
were added. The maximal possible concentra- 
tion of fibrinogen in this solution was 250 mg. 
per 100 ml. The mixture of enzyme, fibrinogen 
and thrombin was then transferred to a water 
bath at 37°c. and the clots which formed were 
observed for lysis. The fibrinolytic activity of the 
solutions of bovine plasma proteolytic enzyme 
differed somewhat from experiment to experi- 
ment; the concentration of enzyme which com- 
pletely lysed the standard fibrin clot in ten 
minutes varied from about 1.5 to 4 units per ml. 
The patient’s oxalated plasma was diluted 
serially with buffer. Three-tenths ml. of each 
dilution of plasma were mixed with 0.3 ml. of a 
solution of bovine plasma proteolytic enzyme 
containing 2.5 units per ml. The mixtures were 
then incubated at 37°c. for ten minutes. The 
enzyme-plasma mixtures were then placed in 
* Bovine fibrinolysin (plasma proteolytic enzyme) 
was obtained through the courtesy of Parke, Davis and 
Company, Detroit, Mich. 


ice bath, and 0.3 ml. of fibrinogen and 0.1 ml. 
of thrombin solution were added in succession. 
The tubes were then transferred to a water 
bath at 37°c. and the clots which formed were 
observed for the appearance of fibrinolysis. 
The interval until clot lysis occurred was 
measured from the time the mixtures were 
transferred to the water bath. 

Determination of the Anticoagulant Activity of 
Plasma. The anticoagulant activity of plasma 
was determined by measuring its clot-retarding 
effect on normal whole blood, using the method 
described by Conley, Hartmann and Morse.* 

Determination of Thrombin-Inhibitory Activity of 
Plasma. Bovine thrombin was diluted serially 
with barbital buffer. The clotting time of a 
mixture of 0.1 ml. of the patient’s plasma, 0.1 ml. 
of prothrombin-deficient plasma and 0.1 ml. of 
thrombin was determined at 37°c. in pyrex 
tubes with an internal diameter of 8 mm. The 
prothrombin-deficient plasma was prepared by 
incubating normal oxalated plasma for ten 
minutes at 37°c. with one-fifth its volume of 
powdered barium sulfate, and then removing 
the barium sulfate by centrifugation. 

Preparation of Human Fibrinogen for Intravenous 
Injection. Human fibrinogen, prepared by the 
American Red Cross, was obtained through the 
kindness of Dr. Louis K. Diamond. The fibrino- 
gen was packaged in bottles said to contain, on 
the average, about 1.7 gm. of clottable protein 
per 100 ml. Under sterile conditions the con- 
tents of each bottle were dissolved in 400 ml. of 
a 5 per cent solution of glucose in distilled water 
and the solution was filtered through several 
layers of gauze before use. The amount of 
fibrinogen was determined in three of four 
bottles used and was 1.3, 1.4 and 2.0 gm., 
respectively. 


OBSERVATIONS 


The Nature of the Clotting Defect. On October 
6, 1952, about three and one-half weeks after 
the patient had first noted bleeding from the 
mouth, the clotting time of venous blood at 
37°C. was twenty-seven minutes, a normal value. 
The clots did not appear to be unusual when 
they first formed. The tubes of clotted blood 
were incubated at 37°c. About an hour after 
clotting had occurred the contents of each tube 
appeared to be fluid except for a small retracted 
clot about 3 mm. in diameter. 

Investigation revealed that the size of this 


clot was the result of hypofibrinogenemia. The 
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concentration of fibrinogen in the patient’s 
plasma was determined by measuring the 
amount of fibrin which formed when bovine 
thrombin was added. Using this method there 
were 91 mg. of fibrinogen per 100 ml. of plasma, 
or about one-third that of the normal non- 


TABLE 1 
EFFECT OF PATIENT’S NATIVE PLASMA ON THE CLOTTING 
TIME OF NORMAL BLOOD * 


0.1 ml. | 0.2 ml. | 0.5 mi. 
0-5 ml. | Patient’s | Patient’s | Patient's 
(min.) (min.) Plasma | Plasma | Plasma 

(min.) (min.) (min.) 
11 8 11 6 8 
14 11 11 11 8 
14 14 12 12 8 


* Clotting time at 37°c. of 1 ml. portions of normal 
blood to which was added buffer or the patient’s plasma 
in the amounts indicated; triplicate determinations. 


pregnant woman. The question then arose 
whether only a small amount of fibrin was 
formed because the conversion of fibrinogen to 
fibrin was impaired. To study this possibility 
the patient’s platelet-deficient plasma _ was 
mixed with normal whole blood. The clotting 
time of this mixture was not significantly differ- 
ent from that of the normal whole blood alone, 
and the clots which resulted were normal in 
appearance and retracted normally. In_ this 
experiment a circulating anticoagulant which 
might have inhibited the clotting of normal 
blood could not be demonstrated in the patient’s 
plasma (Table 1); nor could we demonstrate 
that the patient’s plasma possessed excessive 
thrombin-inhibitory activity which might have 
interfered with the determination of fibrinogen 
by the method described. (Table n.) For these 
reasons it was unlikely that the poor clot forma- 
tion was due to impairment of the conversion 
of fibrinogen to fibrin. 

From these observations it seemed evident 
that the small size of the patient’s clot could be 
ascribed to a decrease in the concentration of 
fibrinogen in the circulating plasma. This as- 
sumption was confirmed by determining the 
amount of protein which was in the fraction of 
plasma precipitated by quarter-saturation with 
ammonium sulfate. This fraction consists largely 
of fibrinogen although other proteins may be 
present as well. In one such experiment the con- 
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centration of fibrinogen in the patient’s plasma 
was 110 mg. per 100 ml. when determined as 
fibrin, and 138 mg. per 100 ml. by the am- 
monium sulfate method. Furthermore, repeated 
electrophoretic analyses of the patient’s plasma 
confirmed the presence of hypofibrinogenemia. 
TABLE 


EFFECT OF THROMBIN ON THE CLOTTING TIME OF A MIXTURE 
OF OXALATED PLASMA AND PROTHROMBIN-DEFICIENT 


PLASMA * 
Initial 
Concentration 
yr rey ) Patient’s Plasma | Control Plasma 
(sec.) (sec.) 
10 11 13 
5 17 18 
2.5 26 32 
1.25 55 62 


* Clotting time of a mixture of 0.1 ml. of oxalated 
plasma, 0.1 ml. of barium sulfate-absorbed plasma (as a 
source of fibrinogen) and 0.1 ml. of a solution of bovine 
thrombin, serially diluted with buffer. 


(Fig. 1, Table m.) On November 7th the ¢ com- 
ponent of the patient’s plasma was present in a 
concentration of approximately 200 mg. per 
100 ml. This component consists largely of 
fibrinogen, but includes other protein as well.® 
The concentration of the @ component after 
this plasma was defibrinated with thrombin 
was approximately 120 mg. per 100 ml. From 
these data it appears that electrophoretically 
the concentration of fibrinogen in the patient’s 
plasma was about 80 mg. per 100 ml. The 
significance of the presence of a portion of ¢ 
component in the patient’s defibrinated plasma 
is not known. However, approximately the same 
amount of ¢ component remained in a normal 
plasma defibrinated with thrombin. 

Several studies were performed to determine 
whether the basic pathologic process in this pa- 
tient was impaired synthesis of fibrinogen or 
excessive removal of this protein from the blood 
stream. The patient was given an intravenous 
infusion of approximately 1.05 gm. of human 
fibrinogen dissolved in 300 ml. of a solution of 
5 per cent glucose in water. The fibrinogen was 
injected over a period of thirty minutes. The 
concentration of fibrinogen in the patient’s 
plasma was measured before the infusion, im- 
mediately after the completion of the infusion 


7 
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and one and five hours thereafter. (Table v.) 
The fibrinogen which had been injected disap- 
peared within five hours. Control experiments 
could not be performed either in normal subjects 
or in this patient after hysterectomy. Pinniger 
and Prunty’ gave a transfusion of 300 ml. of 


A 


clots retracted to an unusually small size. 
However, these clots did not change in appear- 
ance during the next week. In other words, the 
patient’s plasma did not appear to possess 
unusual fibrinolytic activity. Furthermore, oxa- 
lated plasma in final concentrations ranging 


Fic. 1. The electrophoretic pattern of the patient’s plasma preoperatively on November 7, 
1951. A and B are the ascending and descending films of the patient’s oxalated plasma. 
C and D are the ascending and descending films of the patient’s plasma after defibrination 


with bovine thrombin. 


plasma containing 1.36 gm. of fibrinogen 
to a young girl who had congenital afibrino- 
genemia. Twenty-four hours later the concen- 
tration of fibrinogen in the plasma of Pinniger 
and Prunty’s patient was 78 mg. per 100 ml. and 
significant amounts of fibrinogen were still pres- 
ent after ninety-six hours. A comparison of these 
two patients suggests that in the present case 
the fibrinogen which was injected was removed 
from the plasma at an excessive rate. 

Human plasma contains a proteolytic enzyme 
system which can digest fibrinogen. Ordinarily, 
this enzyme system seems to be inactive in the 
circulating plasma but under unusual circum- 
stances may become active in vivo. A few pa- 
tients have been described in whom severe 
hemorrhagic phenomena occurred apparently 
because the plasma fibrinogen had _ been 
destroyed by this enzyme.*'! In the patient 
under study clots which formed from whole 
blood and from platelet-deficient plasma were 
incubated at 37°c. Within about an hour the 


from 1 part in 23 to 1 part in 1500 did not digest 
clots formed by the addition of thrombin to 
bovine fibrinogen. Human plasma also has the 
property of inhibiting the plasma proteolytic 
enzyme. The inhibitory activity of the patient’s 
plasma against bovine plasma proteolytic en- 
zyme was not abnormal. (Table tv.) One may 
conclude from these observations that the hypo- 
fibrinogenemia in this patient was not the 
result of the destruction of fibrinogen by the 
plasma proteolytic enzyme. 

The patient’s prothrombin time was slightly 
prolonged compared with normal plasma. 
(Table v.) This prolongation of the prothrombin 
time was not corrected by the addition of 
bovine fibrinogen or human oxalated plasma 
from which the prothrombin had been removed, 
indicating that a moderate deficiency in 
circulating prothrombin was present. 

Observations during the Course of the Patient’s 
Illness. Repeated studies of the patient’s clotting 
mechanism were made during her illness. The 
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degree of hypofibrinogenemia was remarkably 
constant and slight hypoprothrombinemia per- 
sisted. (Table v, Fig. 2.) The clotting time 
remained normal. Although the clots always 
retracted to an excessively small size, at no time 
was fibrinolytic activity observed nor was it 


Fic. 2. The concentration of fibrinogen in the patient’s 
plasma during the period of observation. 

possible to demonstrate any increased fibrinoly- 
tic activity when the patient’s diluted plasma 
was incubated with a clot formed from bovine 
fibrinogen and thrombin. 


TABLE 111 
ELECTROPHORETIC ANALYSIS OF THE PATIENT'S PLASMA * 


Descending 
Film Film 
(gm./100 ml.) | (gm. /100 ml.) 
A) Plasma 
Albumin........ 4.11 4.59 
1.24 0.87 
B) Plasma defibrinated 
with thrombin 
Albumin........ 4.10 4.15 


* November 7, 1951, electrophoresis performed in 
barbital buffer at pH 8.5, ionic strength 0.1. (Fibrinogen 
is a part of the ¢ fraction.) 

On November 7, 1951, two weeks after the 
expected date of confinement, a subtotal hys- 
terectomy was performed. The patient was 
prepared by the intravenous injection of human 
juLy, 1952 


fibrinogen in order to increase the concentration 
of this substance to a normal level. The initial 
incision was made when approximately 600 ml. 
of solution, containing about 2.5 gm. of fibrino- 
gen, had been infused. Six hundred ml. more 
of fibrinogen solution were infused during the 


TABLE IV 
PROTEASE INHIBITORY ACTIVITY OF OXALATED PLASMA * 
Concentra- Clot Lysis Time 
Initial tion of 
Concen- Plasma 
tration of | Proteolytic | Patient’s | Control 
Plasma Enz Plasma | Plasma Buffer t 
(units/ml.) | (min.) | (min.) (min.) 
1/10 2.5 t t 
1/20 2.5 35 35 
1/40 2.5 35 35 
1/80 2.5 16 17 
1/160 2.5 16 13 
1/320 2.5 24 16 
1/640 2.5 24 7 ie 
0 2.5 a 22 
0 1.25 42 


* Clot lysis time at 37°c. of a mixture of 0.3 ml. bovine 
plasma proteolytic enzyme solution, 0.3 ml. oxalated 
plasma, serially diluted with buffer, 0.1 ml. bovine 
thrombin solution and 0.3 ml. bovine fibrinogen solution. 
The enzyme and plasma were incubated at 37°c. 
for ten minutes before the addition of thrombin and 
fibrinogen. 

f Lysis occurred overnight. 

t Substituted for plasma. 
operation which lasted seventy minutes. During 
the course of the operation no unusual difficulty 
with hemostasis was encountered. Just after the 
uterus was removed a suture ligature constrict- 
ing one of the branches of the uterine artery 
loosened but the vessel was clamped and religated 
without undue blood loss and without any in- 
dication that a clotting defect was present. No 
changes in the fibrinolytic activity of the 
patient’s plasma could be demonstrated during 
the operation. 

Immediately postoperatively the concentra- 
tion of fibrinogen in the patient’s plasma was 
208 mg. per 100 ml., well within the normal 
range. About eight hours postoperatively the 
patient’s blood pressure dropped to 90/50 mm. 
Hg. The patient was given a transfusion of 
500 ml. of citrated bank blood and her blood 
pressure returned to normal within one and 
one-half hours. Otherwise, her postoperative 
course was uneventful. During the next few days 
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the concentration of fibrinogen in the patient’s 
plasma rose to levels somewhat above the 
normal range. 

On the third and fifth postoperative days the 
clotting time of whole blood was forty-seven 
and fifty-one minutes, respectively. This pro- 


hemophilic plasma alone in sixty minutes. On 
the sixth postoperative day the patient’s whole 
blood clotting time was normal, and it was not 
possible to demonstrate the presence of a circu- 
lating anticoagulant in the patient’s platelet- 
deficient plasma. The patient was discharged 


TABLE Vv 
DATA CONCERNING THE BLOOD CLOTTING MECHANISM DURING THE COURSE OF THE PATIENT'S ILLNESS 
Prothrombin 
Clotting Plasma 
Date Time Fibrin Remarks 
Patient | Control 
(sec.) | (sec.) 
10/6/51 27 22 18 92 
10/8/51 22 21 19 132 
10/9/51 27 23 20 92 
10/11/51 
10:00 a.m. 30 23 19 125 
10:32 a.m. 20 23 19 170 Specimen at end of infusion of 1.05 gm. fibrinogen in 
3 300 ml. 5% glucose 
11:32 a.m. 16 23 19 158 Specimen 1 hour after infusion 
3:32 P.M. 13 106 Specimen 5 hours after infusion 
10/12/51 28 28 20 108 
10/18/51 24 22 20 89 
10/23/51 16 22 20 111 
10/30/51 16 110 
11/5/51 19 21 19 104 
11/7/51 
2:05 P.M. 29 26 21 91 Preoperative specimen 
2:28 P.M. 23 25 21 115 Preoperative specimen after infusion of 400 ml. of fibrino- 
gen solution 
3:22 P.M. 15 25 21 186 Specimen 47 minutes after operation begun, 20 minutes 
after hysterectomy, after infusion of 800 ml. of fibrino- 
gen solution 
3:50 P.M. 20 208 Specimen 4 minutes after operation completed, after 
infusion of 1,200 ml. fibrinogen solution 
6:12 p.m. 21 24 21 218 
11/8/51 24 25 20 274 
11/9/51 24 26 20 388 
11/10/51 47 25 18 536 
11/12/51 51 24 19 469 
11/13/51 12 23 20 552 
11/15/51 15 20 20 473 
12/4/51 24 18 19 260 


longation of the clotting time was not accom- 
panied by any hemorrhagic phenomena. The 
cause of the prolonged clotting time was unex- 
plained. The patient’s plasma corrected the 
clotting defect of hemophilic plasma. In this 
experiment an equal mixture of the patient’s 
oxalated plasma and hemophilic oxalated 
plasma clotted within three and one-half 
minutes upon recalcification; the patient’s 
plasma alone clotted in three minutes, and the 


from the hospital on the seventh day after her 
operation. On December 4, 1951, the clotting 
time, the prothrombin time and the concentra- 
tion of fibrinogen in the patient’s plasma were 
all normal. 


7 COMMENTS 
Unlike the patients studied by Weiner and his 


- associates! the patient described herein did not 


deliver spontaneously. Her pregnancy was 
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terminated by performance of a subtotal hys- 
terectomy. Removal of the uterus and fetus was 
followed by immediate restoration of the blood- 
clotting mechanism to an apparently normal 
state. 

To explain the hypofibrinogenemia which 
they observed, Weiner and his associates offered 
three possible explanations. They believed that 
one possibility was that the circulating fibrino- 
gen was being removed by excessive plasma 
proteolytic activity. However, neither in our 
patient nor in those previously studied was 
there any indication of abnormal plasma pro- 
teolytic activity which might have led to the 
excessive destruction of fibrinogen in vivo. 

The second hypothesis of Weiner and his co- 
workers was that the rate of synthesis of fibrino- 
gen was decreased. They believed that this was 
unlikely since hepatic function was normal in 
their patients. It was not possible to determine 
with certainty if the hypofibrinogenemia in the 
present case was caused by a decreased rate of 
synthesis or an increased rate of destruction or 
utilization of this protein. In a single trial ex- 
periment, performed before the patient’s hys- 
terectomy, fibrinogen which was injected intra- 
venously disappeared within a few hours. This 
is unlike the experience of Pinniger and Prunty.’ 
In a patient lacking circulating fibrinogen they 
found appreciable amounts of fibrinogen in the 
blood stream for at least ninety-six hours after 
this substance had been injected intravenously. 
Pinniger and Prunty’s data suggest that the 
hypofibrinogenemia in our patient was due to 
increased destruction or utilization. However, 
additional studies are needed. 

The third hypothesis proposed by Weiner 
et al. was that clotting had occurred intra- 
venously. They postulated that the disintegra- 
tion of the fetal membranes and placenta in this 
condition might have permitted highly thrombo- 
plastic amniotic fluid to enter the blood stream 
and clot the blood intravascularly. The data 
presented make this seem to be a reasonable 
hypothesis. Placental tissue itself is a rich source 
of thromboplastin’? and it is possible that 
material from the diseased placenta could have 
trickled into the blood stream and defibrinated 
the plasma. Whether an antigen-antibody 
reaction between the fetal tissues and maternal 
serum is important in the pathogenesis of the 
hypofibrinogenemia is unknown. 

Therapy in hypofibrinogenemia must be 
directed toward restoration of the normal 
1952 


119 
mechanism of blood clotting. Accordingly, our 
patient was prepared for operation by tht 
intravenous injection of sufficient human fibrino- 
gen to correct the hypofibrinogenemia, a pro- 
cedure suggested by Weiner. In similar cases a 
subtotal hysterectomy, performed while the 
clotting defect is temporarily corrected by the 
fusion of fibrinogen, would appear to be prefer- 
able to the induction of labor. The former 
procedure provides the surgeon with greater 
opportunity to control any hemorrhage which 
might occur. The question also arises whether 
hysterotomy with removal of the fetus ought 
not to be performed prophylactically in those 
instances in which fetal death is recognized in 
patients with Rh iso-sensitization, prior to the 
appearance of hemorrhagic phenomena. 


SUMMARY 

A patient is described in whom hemorrhagic 
phenomena were associated with hypofibrino- 
genemia. This patient was Rh negative, had Rh 
antibodies in the circulating blood and a dead 
fetus in utero. Unlike those patients previously 
described the hypofibrinogenemia persisted for 
at least four and a half weeks. The hemorrhagic 
state was corrected by subtotal hysterectomy 
which was performed while the plasma level 
of fibrinogen was sustained by intravenous 
infusion of this substance. 
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“clenched fist” (of effective antibacterial ac- 
| on) can deliver just as effective a knock-out blow, 
dian ft were the “velvet glove” (of virtual free- 
dom from adverse side effects). 


For urinary antisepsis, Mandelamine provides 
both of these clinical advantages: 


- BROAD SPECTRUM 
ANTIBACTERIAL POTENCY 


proximately the same order as that of the sulfona- 
mide drugs or of streptomycin.” ! 


VIRTUAL FREEDOM FROM 

ADVERSE DRUG REACTIONS 

The use of Mandelamine is “seldom associated 
relatively rare.”! It is notably free from agranu- 
locytosis and other blood dyscrasias, cutaneous 
eruptions, anorectal complications, and neyrotox- 
icity... from encouraging monilial or trichomonal 
infestations or inducing drug fastness in organisms. 


Mere than a decade of tncreasing clinical use 
shews YOU CAN HAVE BOTH... with 


(Brand of Methenemine Mandelate) 
for URINARY ANTISEPSIS 


SUPPLIED. Tablets, enteric-coated, 
containing 0.25 Gm. (3% gr.) 
methenamine mandelate—bottles of 
120, 500 and 1000. 

DOSAGE: 8 or 4 tablets t.i.d. for 
adults—children in proportion. 
NEPERA CHEMICAL CO., INC. 
Yonkers 2, N.Y. 

Pharmaceutical Manufacturers 
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Cor striking benefit 


in intractable bronchial asthma... 


A. Tidal breathing 


Typical spirogram of asthmatic. Note marked 
diminution in vital capacity and complemental 
air; also, the over-all lengthening of the interval 


Increased Vital Capacity 


B. Complemental air C. Vital capacity 


This spirogram illustrates the improvement that 
may be expected in asthmatics following the ad- 
ministration of CorTONE. Note in particular the 


increase in vital capacity. 


—an objective measure 


of the effectiveness of CORTONE 


EFFECTIVE. Intended as adjunctive therapy, 
“orally administered, cortisone definitely re- 
lieved the symptoms of chronic intractable 
asthma in 26 of 31 courses given to 22 patients.” 


SIMPLIFIED MANAGEMENT. “The patients’ 
weight, fluid intake and output, blood pressure, 
and the results of the urine examination for 
sugar were charted daily . . . it was found that 
short-term therapy could be carried out safely 


for up to two weeks without extensive tests if 
there were proper cooperation between patient 
and physician and careful observation. . .” 


Schwartz, E., J.A.M.A. 147: 1734—1737. Dec. 29, 1951. 


ACETATE 
(CORTISONE ACETATE, Merck) 


Literature 


Cortone is the registered trade-mark of 
Merck & Co., Inc. for its brand of cortisone. 


MERCK & CO., Inc. 
Manufacturing Chemists 


RAHWAY, NEW 
tn Canada: MERCK CO. Limited - Moentrest 


© Merck & Co., inc. 
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wnimatched for mypectlon-case 


Steraject 


sterile. smmele-dose cartridges 


and universal syringe 


/ 
f \ PPP f 
| 
Pfizer: 


you can aspirate before injecting! 


simplest parenteral therapy available 


Steraject Penicillin G Procaine 
Crystalline in Aqueous Suspension 
(300,000 units) 


Steraject Penicillin G Procaine 
Crystalline in Oil with 2% 
Aluminum Monostearate 
(300,000 units) 


Steraject Penicillin G Procaine 
Crystalline in Aqueous Suspension | 
(1,000,000 units) 


Steraject Combiotic® Aqueous 
Suspension (400,000 units 
Penicillin G Procaine Crystalline, 


0.5 Gm. Dihydrostreptomycin) 


ANTIBIOTIC DIVISION CHAS. PFIZER & CO., INC.* BROOKLYN 6, N. 


one universal syringe 
a for two cartridge sizes 
— one steraject cartridge 
| for a full premeasured dose 
ae one sterile needle 
‘ , supplied with every cartridge 
| one operation 
| b | for parenteral antibiotic therapy 
: Plunger and cartridge connect... 
for full details, see your Pfizer 2 Stera 
ject Dihydrostreptomycin 
Profesional Serice Representative 
with new sterile needle, foil-wrapped Sulfate Solution (1 gram) 
; 
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New aureomycin minimal dos- 


age for adults—four 250 mg. \) 
capsules daily, with milk. . | 


From among all antibiotics, Otolaryngologists often choose 


AUREOMYCIN 


Hydrochloride Crystalline 


Aureomycin appears rapidly in the tissues of the ear, nose and accessory sinuses, and in 
the cerebrospinal fluid. 
Aureomycin, when given intravenously, attains maximum concentrations in the plasma 
within 5 minutes. 
Aureomycin exhibits little tendency to favor the development of bacterial resistance. 
Aureomycin has been reported to be effective against susceptible organisms in the fol- 
lowing conditions frequently seen by otolaryngologists: 

Laryngeal Infections Otitis Externa + Otitis Media 

Mastoiditis Pharyngitis Sinusitis Tonsillitis 


Throughout the world, as in the United States, aureomycin is 
recognized as a broad-spectrum antibiotic of established effectiveness. 
Capsules: 50 mg.—Bottles of 25 and 100; 250 mg.—Bottles of 16 and 100. 
Ophthalmic: Vials of 25 mg. with dropper; solution prepared by adding 5 cc. of distilled water. 


LEDERLE LABORATORIES DIVISION awearcev Gunamid cower 30 Rockefeller Plaza, New York 20, N.Y. 
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interior of the 
Howord Memorial library, 
New Orleans, la. 
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physiologic 


correction 


or 
corpus luteum 


failure 


PROLUTON 
PRANONE 


Whether a deficiency of corpus luteum hormone 
presents as spontaneous abortion, metrorrhagia, functional 
dysmenorrhea, or premenstrual tension, it may be 
corrected physiologically by PROLUTON and PRANONE. 
PROLUTON (pure progesterone) is administered 
intramuscularly or as Buccal Tablets. PRANONE (ethisterone) 
is administered as tablets. Both PROLUTON and PRANONE 

aid development of a normal endometrium essential 

for uninterrupted pregnancy and normal menses. 


PROLUTON ® (Progesterone U.S.P.) in oil for intramuscular injection. 


PROLUTON — Tablets (Progesterone U.S.P.) in Schering’s special 
solid solvent base, Po.ynypro..® 


PRANONE ® Tablets U.S.P.; anhydrohydroxyprogesterone), 
orally effective progestin. 


4 
Selering CORPORATION BLOOMFIELD, N. J. 
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Announcing 
Seven Seminars on 


ARTERIOSCLEROSIS 


by Eminent Authorities 


Reprinted from the 1951 issues of The Ameri- 
can Journal of Medicine and included without 
extra charge to new 1952 subscribers or sold 


separately. 

Subjects : 
Pathology of Atherosclerosis 
Lipid Metabolism and Atherosclerosis 
Lipoproteins in Atherosclerosis 


Protein-lipid Relationships in Human Plasma 


1. In Normal Individuals 
ll. In Atherosclerosis and Related Conditions 


Atherosclerosis —Some Clinical Implications 


Hypercholesteremia with Predisposition to 
Atherosclerosis—An Inborn Error of Lipid 
Metabolism 


Use of Lipotrophic and Related Substances in 
the Prevention and Treatment of Atherosclerosis 


The American Journal of Medicine, Inc. 
49 West 45th Street, New York 36, N. Y. 


Please send me The American Journal of 
Medicine 


[] The American Journal of Medicine and the 
Arteriosclerosis reprint—Price $12.00 in 
U.S.A.—$15.00 Foreign 


C1) The Arteriosclerosis Reprint—Price $2.00 
in U.S.A.—$2.50 Foreign 
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(DISPERSION OF DESACCHROMIN) 


a new therapeutic 
agent for HAY F EVER . 


P/POMEOM a\eviates the immediate symptoms of pollenosis, 
and maintains effective control. Even cases which have failed 
to show improvement to desensitization and antihistaminics 
usually respond promptly to the administration of PrROMEN. 


PUTAMEN is also useful in the treatment of many other 
allergies and dermatoses. 

Piromen is supplied in 10 cc. vials containing 4 gamma 
(micrograms) per cc. and in 10 cc. vials containing 10 
gamma per cc. 


PUTOMEOM on your Rx will bring you our new booklet 
detailing the use of this new therapeutic agent. 


A. 


TRAVENOL LABORATORIES, 


Subsidiary of BAXTER LABORATORIES, INC., MORTON GROVE, ILLINOIS 
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for all nutritional anemias... 


A comprehensive therapeutic formula affords the best prospect for a 
prompt and sustained response. Many physicians are prescribing Ironate 
for chronic nutritional anemias, whether “borderline” or severe, because 


Ironate supplies: Per daily dose (3 capsules) 
681 mg.* 
Copper (ascoppersulfate) ....-...... 3 mg. 
Vitamin B, (thiamine hydrochloride). ......... 15 mg. 
Vitamin B, (riboflavin)... 6 mg. 
Vitamin B, (pyridoxine hydrochloride) ........ 3 mg. 
Vitamin B,2 (crystalline). 2... 15 meg. 
Vitamin C (ascorbic acid). ........ eae 225 mg. 

Calcium Pantothenate ..... 3 mg. 


*Approximately equivalent to 15 gr. ferrous sulfate 
U.S.P. or 204 mg. of elemental iron 


IRONATE 


IRON e VITAMINS e LIVER 
Supplied: Bottle of 100 capsules 


Wyeth incorporated, Philadelphia 2, Pa. 


‘ 
Wyeth 
‘ 
| 


BENADRYL (diphenhydramine hydrochloride, Parke-Davis) gives 
—and sustained —relief to patients distressed by hay fever symptoms. 
outstanding antihistaminic has enabled many thousands of patients to 
pass hay fever seasons in comfort. 


BENADRYL’S reputation stems from its clinical performance. Each year, 
as the pollen count rises, the benefits derived from this effective antihis- 
taminic are further emphasized. BENADRYL Hydrochloride is available 
in a variety of forms — including Kapseals®, 50 mg. each; Capsules, 25 mg. 
for parenteral therapy. 
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“bloating. belching 
and indigestion” 


You can provide extraordinary relief of the 
bloating, belching and other complaints of 
many of your patients with so-called functional 
indigestion by prescribing Bilogen — a 
therapeutically designed choleretic-digestant. 
In each Bilogen tablet you'll find: Ox bile 
extract (2 grs.) to stimulate bile secretion, 
oxidized mixed ox bile acids (1% grs.) to 
flush biliary ducts, desoxycholic acid (12 gr.) 
to promote fat absorption, and a pancreatin 
of high digestive power (equivalent to 3% | 
grs. Pancreatin, U. S. P.) to exert enzymatic 
action. Note too that this pancreatin is given 
double protection with a special coating to 
insure its release in the intestine. The 
coordinated action of the four Bilogen 
ingredients provides natural biliary stimu- 
lation, relieves upper abdominal distress, and 
re-establishes normal functions. Bilogen is 
available in bottles of 100 and 1000 tablets. 


Organon nc. ORANGE, N. J, 


Organon 
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76.6% of patients 
preferred 


EURAX... 


Bibliography 


of all patients w revious experience 

other antipruritics exp a preference for Eurax Cream. 
In this , as in previous reports*’*, Eurax Cream produced 
complete of itching in approximately 65 per cent 

of cases, and partial relief in most of the remainder. 


Other favorable features of Eurax Cream that were 
again confirmed include: 


Prolonged effect lasting up to 8 hours or more. 
No loss of effect on continued use. 


Virtually complete lack of sensitizing or toxic properties. 


7 rompt, prolonged relief of itch in practically all forms 
osis including pruritus due to administration 


N-ethy]l-o-crotonotoluide in a 
Tubes of 20 Gm. and 60 Gm. and jars of 1 lb. at your local pharmacy. 


1. Hitch, J. M.: North Carolina M. J. 12:548, 1951. 

2. Peck, S. M., and Michelfelder, T. J.: New York State J. Med. 50:1934, 1950. 
3. Couperus, M.: J. Invest. Dermat. 13:35, 1949. 

4. Soifer, A.: Quart. Rev. Int. Med. & Dermat. 8:1, 1951. 

S. Johnson, S. M., and Bringe, J. W.: Arch. Dermat. & Syph. 63:768, 1951. 
*U.S. Pat. $2,505,681. 


Samples and Reprints on Request 


GEIGY PHARMACEUTICALS E-S 


Division of Geigy Co., Inc. 
220 Church St., New York 13, N. Y. 
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For a Fuller Knowledge of the Thyroid... 


McGavack’s 
THE 


‘*‘No endocrine gland has been subjected to more fruitful study during recent years than the 
thyroid. The availability of radioactive iodine, in particular, has stimulated numerous 
studies, which have added immensely to our knowledge of this gland. Although primarily 
of general physiological interest, these recent studies have clinical importance, since they 
throw light on many aspects of thyroid disorders. Dr. McGavack and his collaborators 
have done an excellent job in collecting the extant data on the thyroid and applying this 
information to clinical problems. The monograph is complete in its coverage, well written, 
and documented with many references to the literature. It can be recommended to the 
reader desirous of a resume of recent work in the field.”,—JAMA, May 17, 1952 


By THOMAS HODGE McGAVACK, B.A., M.D., F.A.C.P., Professor of Clinical Medicine, New York Medical 
College; Director of the New York Medical College , Metropolitan Hospital Research Unit. With a Section 
on Surgery by JAMES M. WINFIELD, 8B.A., M.D. F.A.C.S., and WALTER L. MERSHEIMER, 8.S., M.D., 
F.A.C.S., and a Section on History by DOROTHY B. SPEAR, Ph.B., Librarian and THOMAS MAS HODGE 
McGAVACK. 646 pages, illustrated. Price, $13.50. 


Published by 
The C. V. MOSBY Company 
Scientific Publications 
3207 Washington Blvd. | St. Louis 3, Missouri 


6lst YEAR OF PUBLICATION 


A practical journal built on merit 
that any doctor will take pride in 
having in his library—beautifully 
printed and illustrated—a publica- 
tion that will provide both pleasure 
and inspiration. 


The 
American Journal of Surgery 


49 West 45th St. New York 36 


Yearly Subscription $12.00 U.S.A. 
Canada and Pan-American Countries $14. 


Foreign $15.00 
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Introducing a new oral hypotensive for long-range therapy 


TRADEMARK 


CHLORIDE 


(brand of hexamethonium chloride) 


an autonomic ganglionic blocking agent the action of which 


has been described as ‘a medical sympathectomy”’ 


By drug action alone, Methium blocks— 
almost as effectively as surgical excision 
—the nerve impulses that produce vaso- 
constriction through the autonomic nerv- 
Ous system. 


The objective of therapy is to administer, 
in gradually increasing doses over a period 
of several days to several weeks, enough 
Methium to lower blood pressure to more 
normal levels—even, according to some 
investigators, to the point of mild postural 
hypotension. Methium is a potent drug. 
Care is required in adjusting dosage. 


In successfully treated cases, the results 
justify the effort and observations re- 
quired. When the patient is adequately 
informed and supervised, blood pressure 
may often be lowered to normotensive 
levels and symptoms of hypertension sub- 
stantially reduced. 


In Methium, hexamethonium is now made 
available in conveniently administered 
oral form as the chloride, free of the risks 
of bromide or iodide intoxication. Avail- 
able on prescription only in 250 mg. 
scored tablets in bottles of 100 and 500. 


Methium, being a potent hypotensive drug, demands great caution 
when complications exist. Prescribe only with extreme care in 
impaired renal function, coronary artery disease and existing or 
possible cerebral vascular accidents. Complete instructions for pre- 
scribing Methium are available on written request or from your 


Chilcott detail man and should be consulted before using the drug. 
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MORRIS PLAINS, NEW JERSEY 


FORMERLY THE MALTINE COMPANY 
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Now, make your entire film 
library work harder, train faster, ex- 
plain more clearly .. . let every 16mm 
film you own tell a brand-new story 
with the new RCA magnetic recorder- 
projector that puts sound on film in 
an instant. 


Look at these 
5 Important, New Training Aids 


Now you can actually 
make your own sound 


films—without studio 


facilities—at amazingly low cost. Shoot film 
with your present camera. Add sound to 
developed print with the new RCA recorder- 


projector. 


2. Add sound 

to silent films 
Give films the immedi- 
acy andi impact of sound S 
and voice. Record a 
organize a project to prepare complete, 
professional scripts. 


3. Make sound films 
tell a new story 


Revamp distracting, 
out-of-date commen- 
tary. Interpret films in 
terms of current trends. Revive expensive 
films that are gathering dust on your shelves. 
Get sound quality you never dreamed pos- 
sible on 16mm film. 


4. Make your 
message specific 
Record a narrative on | 
any 16mm film to place | © 

it exactly on your audi- “™ 
ence’s level—make it directly applicable to 
those it addresses— bring it into the scope 


5. Let films speak 
two languages 
Your present optical 
sound track plus new 
~magnetic track do 
double ion give films two tongues. For 
example: English and Spanish, technical 
and non-technical, elementary and advanced 

. - - both on the same film! 


HERE'S ALL YOU DO. Have a narrow mag- 
netic stripe added to your 16- or 24-frame 
sound or silent 16mm film. Laboratory services 


Get sterted en your new film program teday—Mail Coupon NOW 
RADIO CORPORATION of AMERICA 


Use the RCA MAGNETIC Recorder-Proiector 


are set up to do this quickly and expertly— 
without destroying your present optical sound 
track—for a few cents a foot. (Films with per- 
forations on both edges must be duplicated on 
single-perforation stock.) 

Project film in your RCA recorder-projector, 
and speak into the microphone as you watch 
the film. Play back instantly. Keep it as long as 
you want it. Erase and re-record at any time. 
(Here’s sound on film for 11° of the cost of 
optical sound!) It’s simple as that. 
it’s three equipments in one. (1) It’s an 
excellent instrument for projecting and re- 
producing 16mm sound motion picture film— 
recorded both optically and magnetically. It 
has all the operating conveniences of the RCA 
“400” line including the famous “‘thread-easy” 
feature. 

(2) It’s an unequalled device for recording 
your own sound track on 16mm film. 
(3) It can serve as a public address system. 


—— LISTEN BEFORE YOU BUY —— 


Before you buy any type of sound projector, listen to 
the superb magnetic reproduction of the RCA recorder- 
projector. There’s nothing like it anywhere on 16mm 


Visual Products, Dept. 176G, RCA, Camden, N. J. 


Without obligation, please send me the full story 
on new RCA Magnetic Recorder-Projector that 
puts my own sound track on 16mm movie film. 


> ‘ | Your fo your 16mm films 
| 
oF your di ssion. 
film. Listen ... and compare . . . before you buy. 
| 
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in Rheumatic conditions 


Mephosal 


A NEW whole-patient approach to the problem of 
pain — spasm — more pain in 

low back pain, sciatica, arthritis, stiff neck, 
night cramps, sacroiliac distress 

and other common rheumatic disorders 


MEPHOSAL—ELIXIR (new) and TABLETS—contains: 


each tablet 


each teaspoonful 
(4 cc.) elixir 
Mephenesin—modern, safe, non-toxic, 

effective skeletal-muscle antispasmodic 125 mg. 400 mg. 


rheumatic pain 125 mg. 400 mg. 


Homatropine Methylbromide—safest and 
most efficient gastro-intestinal 

anti ic to control concomitant 
g.i. 1.25 mg. 2.5 mg. 
Average Dose: 2 or 3 tablets or one teaspoonful elixir every 3 or 4 hours. 

Supplied in bottles of 50, 100 and 500 tablets. Elixir, 8 oz. and 1 pint. 


Samples and detailed literature to the profession on request. 


. CROOKES LABORATORIES, INC, 
MINEOLA, N. Y. 
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Sup pli 


The American Journal 
of Medicine 


This new subject and author index 


provides an invaluable aid for quick 


The American Journal of Medicine for 


49 West 45th Street, New York 36, N. Y. 


RDER FORM 
The American Journal of Medicine, Inc. 
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O 
reference and review purposes to S 
8,250 text pages. a 
O 
Price Postpaid c 
$3.00 Foreign yn 
Printing Limited—Order Today n 
O 
Please send me the new Five Year Index to Be 
which I enclose $2.5@ U.S.A.—$3.0@ Foreign ” 
City................Z0me......State...... \ 
(New York City residents, add 3% sales tax) \ 


MONE 


ROPIONA 


the problem 


Hypoglossals 
Sublingual, Buccal Tablets 
10 mgs. and 25 mgs. 


Androdiol 


brand of diolostene (methylandrostenediol) 


New tissue-building steroid providing protein- 
anabolic action of androgens with minimal 


virilization. 


Exerts unique and dramatic action in effecting weight 
gain and sense of well-being in patients whose diets are 
balanced and of adequate caloric value . .. cases which 
have not responded to dietary or other specific therapy. 


for — G. W. Carnvich Co. Newark, 


Quadrinal tablets 


Quadrinal Tablets ore marketed in bottles of 100, 500 and 1000. 


Quadvinal, Phyllicin, Trademarks E. Bilbuber, Ine. 
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| 
available on prescription only 
QUADRINAL TABLETS CONTAIN. FOUR 
; DRUGS, EACH SELECTED FOR ITS fe % or 1 Quadrinal Tablet every 
3 or 4 hours, not more than 
PARTICULAR EFFECT IN CHRONIC 7 three tablets a day. 
ASTHMAANDRELATED ALLERGIC gf” Quadrinal Tablet contains ephe- 
| 


with CODEINE PHOSPHATE’ 


gr. t-No. 1 


gr.4-No.3 gr. 1-No. 4 


*12 times more soluble than sulfate 


Burroughs Welicome & Ce. (U. S.A.) Inc 
Tuckahoe 7, N. Y. | 
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NOW! 
Phenergan palatable 
liquid form 


The most efficacious and 
longest-acting antihistamine 


¢¢ Phenergan compared dose for dose with the other 
available antihistaminic drugs proved to be 
the most efficacious and longest-acting drug.'99 


(¢In the dosage used it is a safe, dependable and de- 
sirable antihistaminic drug for allergic children.'9 9 


SYRUP 


HYDROCHLORIDE 


Promethazine | N-(2'-dimethylamino-2'-methyl) ethyl phenothiazine] 
hydrochloride, Wyeth. 


Supplied: Bottles of 1 pint (Each teaspoonful [5 cc.] contains 6.25 mg. | 
Phenergan Hydrochloride). Also available, the familiar Wyeth 
Phenergan Tablet, scored tablets of 12.5 mg., bottles of 100. 
For topical application—2 effective Phenergan preparations: 1. Peshkin, M.M.; Rapa- 
Cream Phenergan Hydrochloride, tubes of 1.12 ounces; 
Phenergan Lotion with Neocalamine, bottles of 4 fluidounces. 9:727, Nov.-Dec. 1951. 
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